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Art.  I. — Geology  of  the  Shoiihin  Sag  and  Palisade  Butte 
Laccoliths  in  the  IligJncood  Mountains  of  Montana  y  by 
W.  H.  Weed  and  L.  V.  Pirsson.* 

Introductory, — On  the  southeast  side  of  the  Highwood 
Monntains,  the  open  treeless  plains  country  which  stretches 
away  in  all  directions  from  the  foot  of  the  broken  volcanic 
hills  of  tuflfs  and  lava,  has  its  monotony  interrupted  by  a  tract 
of  broken  and  sharply  accidented  character.  Although  sepa- 
rated from  the  rest  of  the  mountain  group  by  certain  geolog- 
ical features  not  elsewhere  seen  and  by  its  outlying  position,  it 
is  nevertheless  an  integral  portion  oi  the  Highwood  eruptive 
area  since  it  belongs  to  the  same  geologic  period  of  eruptive 
activity  and  is  merely  a  prolongation  of  the  eruptive  masses  in 
this  direction,  separated,  like  the  rest  of  the  mountains,  from 
the  other  igneous  groups  of  central  Montana  by  wide  stretches 
of  sedimentary  rocks  which  are  undisturbed  by  such  intru- 
aions. 

This  area  is  terminated  and  its  accidented  character  accentu- 
ated by  the  deep  trench-like  valley  which  Arrow  River  has 
scored  in  the  plain  and  where,  in  the  deeply  carved  band  of 
badlands  which  decorates  its  margin,  are  revealed  the  parti- 
colored strata  of  the  level-lying  Cretaceous. 

Topographically  and  scenically,  this  region  is  characterized 
by  the  dark  frowning  masses  of  Square  and  Palisade  Buttes, 
which  form  such  prominent  landmarks  across  the  level  horizon 
Md  weary  miles  of  the  vast  open  prairies,  and  by  the  debouche- 
ment  of  the  shallow  valley  of  the  Shonkin  Sag,  elsewhere 
described,  into  that  of  the  Arrow  River;  while  minor  features 

•  By  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
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are  the  deep  erosion  of  the  margins  of  the  valleys  into  bad- 
lands, of  those  of  the  igneous  masses  into  fantastic  rock  piles, 
and  the  many  heavy,  black  dike  walls  which  cross  the  open 
stretches  or  form  buttresses  along  the  slopes. 

A  petrographical  description  of  the  sodalite-syenite  of 
Square  Butte  by  Lindgren  and  Melville*  is  the  first  publica- 
tion relating  to  tne  geology  of  this  part  of  the  Highwood  Mts. 
area  which  has  come  to  our  attention.  Its  geology  and 
petrography  have  been  fully  described  by  the  writers  in  a  later 
paper,f  and  the  geology  of  the  area  as  mapped  by  the  authors 
lias  been  published  in  the  Fort  Benton  Folio  of  the  Geologic 
Atlas  of  the  United  States  accompanied  by  text  briefly  describ- 
ing the  geology  by  Mr.  Weed. 

Geologically  the  area  differs  from  that  of  the  rest  of  the 
Highwoods  in  that  it  is  one  of  intrusion  devoid  of  extrusive 
igneous    masses.      The   evidence    at    hand    does    not    show 

that  here  the  magmas  ever 
attained  the  surface  and  pro- 
duced volcanic  outbreaks; 
if  such  occurred,  the  extru- 
sive material  has  long  since 
been  swept  away  by  erosion 
and  the  facts  point  rather 
to  the  view  tnat  this  has 
not  occurred. 

The  igneous  masses  are 
divided  into  the  Square 
Butte,  Palisade  Butte,  and 
the  Shonkin  Sag  laccoliths, 
and  the  dikes  and  intrusive 
sheets,  as  seen  on  the  map 
figure  1. 

Although  topographically 
and  in  size  it  is  the  least  of 
the  laccoliths  and,  at  first 
sight,  of  the  least  impor- 
tance, we  shall  commence  with  an  account  of  the  Shonkin  Sag 
laccolith  for  the  reason  that  geologically  it  is  the  most  impor- 
tant and  supplies  the  key  to  certain  features  which  they  all 
possess  in  common.  Moreover,  it  is  in  several  features  and 
in  the  character  of  its  dissection  by  erosion  one  of  the  most 
perfect  laccoliths  that  has  been  described,  and  its  internal 
structure  is  such  as  to  render  it  an  occurrence  of  great 
importance   in  theoretic  petrology. 

♦This  Journal,  vol.  xlv,  1893,  p.  289. 

t  Bull.  Geol.  Soc.  of  America,  vol.  vi,  1895,  pp.  389-422. 
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Fig.  1.    Map  of  Laccoliths. 


Weed  and  JPirsson — Highwood  Mts.  Laccoliths.  3 

The  Shonkin  Sag  Laccolith, 

Where  the  Shonkin  Sag  valley  debouches  into  that  of 
Arrow  River  it  has  a  wide  and  open  character  with  walls  of 
sloping  debris  or  deeply  carved  Cretaceous  strata.  It  is  cut  by 
several  small  streams  of  excellent  wat^r  which  burst  out  as 
springs  under  the  base  of  Square  Butte  and  find  their  way 
into  Arrow  River.  Through  the  middle  of  the  level  valley 
floor  wander  the  alkaline  waters  of  Flat  Creek  with  feeble, 
sluggish  current,  dried  away  in  summer  to  standing  pools.  It 
is  crossed  by  the  stage  road  from  Benton  to  Lewistown,  and 
on  the  open  flat  stand  the  buildings  of  the  relay  stage  station. 
Proceeding  from  here  up  the  valley  in  a  westerly  direction, 
at  first  the  heavy  mass  of  Square  Butte  above  and  to  the  left 
dominates  the  scene,  and  in  the  sandstones  upon  which  it  rests 
are  seen  intruded  sheets  of  black  basaltic  rock.  About  a  mile 
or  so  to  the  west  appears  on  the  left  an  intrusive  mass  of  dark 
colored  shonkinite  which  rises  in  a  cliflP  wall  over  a  hundred 
feet  in  height,  the  talus  from  whose  foot  slopes  down  to  the 
valley  floor.  This  wall  is  not  more  than  a  few  hundred  yards 
in  length  and  the  intrusion  seems  to  be  clearly  a  separate  one 
from  that  of  Square  Butte  and  the  Shonkin  Sag  laccolith. 
Where  its  contact  is  seen,  it  cuts  abruptly  through  the  light 
colored  sandstones.  It  has  a  quite  distinct  columnar  structure 
and  although  evidently  not  a  typical  or  symmetrical  laccolith, 
60  far  as  one  can  judge  from  the  exposures  seen,  it  is  clearly  a 
small  intrusion  of  laccolithic  character. 

On  the  opposite,  the  northern  and  eastern,  side  of  the  valley 
several  dikes  of  basaltic  rock  are  seen  cutting  the  sandstone 
wall ;  then  an  intruded  sheet  appears  in  the  sediments  above 
the  tains  slopes.     This  persists,  and  following  it  a  turn  in  the 
valley  reveals  the  front  wall  face  of  the  Shonkin  Sag  lacco- 
lith.    From  the  opposite  side  of  the  valley,  whose  width  is 
here  sufficient,  an  excellent  view  of  it  is  obtained,  and  it  is 
seen  as  a  long  columnar  cliff  stretching  for  a  distance  of  about 
one  mile,  and  with  a  quite  even  and  regular  face,  interrupted 
at  about  the  middle  by  a  deep  canyon-like  gulch  which  cuts 
down  through  the  whole  thickness  of  the  cliff  at  this  point. 
The  columnar  structure  is  quite  pronounced,    the  polygonal 
colnmns  having  a  diameter  of  a  couple  of  feet  or  more,  and  in 
length,  that  is  in  height,  they  were  estimated  to  be  over  one 
hundred  feet,   which  measures  the  thickness  of  the  laccolith 
along  the  cliff  front.     Below,  all  along  the  front,  the  laccolith 
is  seen  resting  on  the  light  brown  Cretaceous  sandstones  which 
form  the  floor  upon  which  it  lies.     They  are  quite  horizontal 
"ud  the  regular  even   level  of  this  floor  is  very  noticeable. 
From  the  foot  of  the  cliff  a  great  talus  descends  down  to  the 
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valley  floor ;  it  ie  not  an  even  regular  Blieet  of  detritus  hut  is 
carved  down  at  rather  regular  intervale  by  rain-waslied  gnlches 
and  raised  at  the  points  between  by  a  more  abnndiint  supply 
of  materials,  bo  that  it  presents  the  appearance  of  a  rude  series 
of  intersecting  half  cones  or  steep  fans  resting  against  the  cliff 
wall  of  the  valley.  Tlie  surface  of  these  tains  cones  is  gen- 
erally grassed  over,  giving  a  rather  smooth  appearance,  but 
they  are  elsewhere  covered  with  large  blocks  of  rock  from  the 


Fio.  2.     Cliff  whII  oE  SliODkin  Stg  laccolKli.     Di?g«ctinK  gulcli  to  left  over 
Htaodiag  Qgure. 

great  columns  of  the  cliff  above,  which  have  broken  down  and 
whose  pieces  have  rolled  down  the  slopes.  At  the  apices  of 
the  cones  the  material  reaches  nearly  or  up  to  the  foot  of  the 
columns,  and  the  sandstones  of  the  laccolith  floor  are  in  places 
nearly  concealed,  but  in  the  intervening  gulches  a  considerable 
thickness  of  them  is  seen.  On  top  of  the  laccolith  arc  seen 
resting  the  Cretaceous  sandstones  into  which  it  is  intruded  in 
horizontal,  unbroken  position.  Their  thickness  is  variable  as 
from  each  end  of  the  cliff-wall  it  gradnally  diminishes  until 
about  the  middle,  wbero  the  laccolith  is  cut  by  the  intersecting 
gulch,  tliey  disappear,  leaving,  especially  on  the  eastern  side,  a 
portion  of  the  top  of  the  laccolith  b:ircd.  On  the  ojtposite  aide 
of  the  gulch,  however,  a  considerable  thickness  of  them  is  seen 
resting  on  top  of  the  columns  of  igneous  rock. 
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Ends  of  the  Laccolith  Wall. — From  what  has  been  said 
above,  it  is  clear  that  this  cliff  wall  is  the  cross  section  of  a 
flat  mass  intruded  into  and  lyintj  between  the  beds  of  sand- 
stone, its  laccolithic  character  being  seen  onlj  at  the  outer 
borders.  Xo  real  distinction  can  be  drawn  which  will  sepa- 
rate laccoliths  from  intruEive  sheets :  the  most  typical  laccolith 
can  be  regarded  as  a  very  short,  thick,  domed  sheet,  and  con- 
versely, an  intrusive  sheet  can  be  regarded  as  a  very  flat,  thin 
laceolitli.  In  our  work  in  the  mountain  areas  of  central  Mon- 
tana, we  have  observed  all  degrees  of  transition  between  the 
two.  Nevertheless,  in  the  typical  laccolith  we  presuppose  a 
certain,  f^nick  np-arching  of  the  strata  which. we  do  not  observe 
in  the  typical  intrusive  sheet. 


t  cod   oE  laccolilti   showing  relaliODS    of   l 


This  character  is  well  shown  by  the  Shonkin  laccolith  at  the 
eastern  end  The  mam  body  of  the  laccolith  rounds  quickly 
down  at  1  pretty  sharp  angle  until  it  becomes  only  the  thin 
intrusive  aheet,  preiiousl}  mentioned,  not  more  than  ten  feet 
in  thickness,  which  on  the  same  horizon  extends  a  great  dis- 
tance out  into  the  sandstonee.  Besides  this  main  lower  fring- 
ing sheet  there  are  two  or  three  lesser  ones  which  do  not 
extend  far  and  quickly  die  away  in  the  sedimentary  beds,  and 
in  addition,  at  tiie  spring  of  the  demi-arch  of  sandstones,  where 
there  must  have  been  a  certain  relief  of  pressure,  there  are 
small  siibordinate  intruded  masses  of  igneous  material  of 
lenticular  character  and  somewhat  cuBp-sbaped  cross  section. 
These  relations  are  shown  in  tig.  3  from  a  careful  outline  draw- 
ing made  on  the  spot,  and  are  also  seen  in  the' photograph, 
Eg.  2.  All  of  these  details  are  as  clearly  seen  on  the  great 
efifi  wrall  of  the  valley  as  in  the  diagrammatic  section,  the  ctm- 
trastof  the  black  intruded  rock  masses  with  the  light-colored 
sandstones  being  of  the  most  pronounced  kind.  It  is  notice- 
able to  see  how  the  beds  have  adjusted  themselves  to  the 
npward  bend  without  much  breaking  or  rupturing. 


6  Weed  and  Pirsaon — Hiyhwood  Mis.  Laccoliths. 

At  the  other  end  the  relations  are  less  clear,  the  vallev  wall 
has  been  broken  down  and  eroded  somewhat  so  that  there  is 
not  the  same  vertical  cut,  but  the  exposures  are  quite  sufficient 
to  show  that  the  structure  is  less  typical,  the  beds  having 
yielded  to  some  extent  by  rupturing.  The  laccolith,  however, 
frays  out  in  thin,  fringing  sheets,  and  the  basal  sheet,  to  which 
it  thins  down,  has  the  same  thickness  and  character  as  on  the 
other  side  and  may  be  traced,  always  at  the  same  level  horizon, 
among  the  sandstones  several  miles  up  the  valley.  The  per- 
sistency of  these  basal  sheets  or  indeed,  more  correctly,  of  the 
one  thin  sheet  of  which  the  laccolith  is  itself  a  greatly  thick- 
ened portion,  is  qqite  remarkable. 

The  Laccolith  lioclc. — The  rock  composing  the  outer  fring- 
ing sheets  is  dark  colored  of  dense  texture  spotted  witli 
crystals  of  a  black  augite  and  round  white  spots  of  an  altered 
leucite;  it  may  be  called  a  leucite  basalt.  The  lower  12  to  15 
feet  of  the. great  columns  of  the  main  body  of  the  laccolith  are 
also  composed  of  this  rock,  which  then  passes  into  a  fully  gran- 
ular one  of  granitic  texture  consisting  of  angite,  olivine, 
biotite  and  orthoclase,  the  shonkinite  described  in  our  paper 
on  Square  Butte  previously  referred  to.  At  the  top  the  col- 
umns pass  into  the  porphyritic  leucite  basalt  again,  and  as  this 
contact  modification  has  a  somewhat  different  color  from  the 
dark  shonkinite,  each  of  the  vast  columns,  at  a  distance,  has  a 
quite  distinct  capital  and  base  of  a  different  color  from  the 
main  body  of  the  shaft. 

Interior  of  the  Laccolith. 

It  has  been  mentioned  that  the  central  portion  of  the  lacco- 
lith wall  has  been  broken  by  an  intersecting  stream  gorge 
which  has  cut  down  through  it  and  into  the  underlying  sand- 
stones upon  which  the  laccolith  rests.  A  small  stream  of 
clear  water  issues  out  of  the  gorge  and  nourishes  some  vegeta- 
tion in  its  bottom,  whose  greenness  is  in  grateful  contrast  to 
the  somber  rock  masses  rising  on  all  sides  and  to  the  arid  valley 
of  Flat  Creek.  At  the  very  entrance  to  the  gorge  and  pic- 
turesquely shaded  by  a  grove  of  tall  cotton  wood  trees  stand  the 
buildings  of  the  Wilson  ranch  looking  down  the  slope  into  the 
Flat  Creek  valley  or  Shonkin  Sag,  as  seen  in  fig.  4.  Follow- 
ing up  the  stream,  its  bottom  gradually  rises  above  the  sand- 
stones until  it  is  in  the  igneous  rock  and  at  the  same  time  it 
branches  out  into  tributary  gulches,  so  that  in  this  way  the 
whole  interior  of  the  laccolith  is  thoroughly  dissected  and  laid 
bare  for  inspection  and  study. 

In  the  rising  floor  of  the  gulch,  one  soon  comes  to  the  con- 
tact of  the  igneous  rock  and  the  sandstones  on  which  it  rests, 
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and  there  is  here  afforded  a  good  opportunity  to  observp  the 
effect  of  the  contact  rnetatnorphisin.  The  tissile,  platy  sand- 
stoQCB  at  the  contact,  are  changed  to  a  dense,  flinty  rock  of  a 
bine  color,  which  is  generally  but  a  few  inches  in  thickness  and 
the  total  effect  abont  a  foot;  in  places,  liowever,  the  change  to 
the  bine  rock,  tlie  maximum  effect,  may  be  as  much  as  two 
feet.  Thus  the  actual  amount  of  metamorphism  produced  in 
the  sediments  is  very  limited.     The  igneous  rock  at  the  con- 
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tact  is  very  dense  and  dark,  filled  with  angite  and  altered  leu- 
cite  phenoorysts;  it  is  Birailar  to  that  described  in  tlie  outer 
columns  above.  It  maintains  this  character  for  a  height  of 
about  fifteen  feet  and  then  passes  into  an  evenlj'  granular, 
coarBe-grained  shonkinitc.  This  lias  a  colunmar  parting  which, 
"one  approaches  nearer  the  center,  is  less  evident  than  in  the 
enter  cliff  wall.  The  branching  drainages  now  lose  their  per- 
pendicular canyon-like  character  and  widen  out  into  V  forma 
with  broader  spurs  between  them,  in  places  grassed  over  but 
oft«n  showing  wide  expanses  of  naked  rock.  In  other  places 
tliey  are  covered  with  heapinga  of  morainal  drift  whose  rounded 
P*bble8  are  composed  in  part  of  what  appears  to  be  rocks  of 
Bearpaw  types  and  in  part  of  Canadian.  It  is  thus  not  local 
ont  general  in  character,  and  thus  possesses  a  peculiar  sicniti- 
Wice,  which  will  be  adverted  to  again  in  another  place.  It  is 
'he  most  southern  point  reached  by  the  drift  in  this  place,  and 
marks  the  limit  in  this  direction  of  the  terminal  moraine. 
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AlwajB  ascending,  the  slionhinite  is  found  to  have  a  tliick- 
neas  of  aboat  seventy-five  feet,  when  it  suddenly  passes  into  a 
rock  of  qnite  different  character.  So  far  as  the  exposures  show 
there  does  not  appear  to  be  any  contact  between  the  two,  but 
the  shonkinite  quite  suddenly,  in  a  little  distance,  passes  into 
the  new  type.  This  is  a  mncb  lighter  colored  rock  of  a  coarser 
grain,  so  coarse,  in  fact,  as  to  have  quite  a  pegrnatitic  appear- 
ance. It  is  composed  of  large  angites,  many  of  them  one  to 
two  inches  long,  often  radiating  from  a  common  center  in  such 
a  manner  as  to  form  stars,  and  equally  long  but  slender  foils  of 
biotite,  titled  in  between  with  white  feldspars  or  fetdspathic 
material.  This  rock  was  always  found  in  so  weathered  and 
crumbled  a  condition  that  no  good  fresh  specimens  of  it  could 
bo  obtained.  In  thickness,  this  layer  or  zone  is  about  fifteen 
feet  and  it  passes  above  into  a  white  syenite  of  medium  grain, 
specked  with  angite  crystals.  This  has  a  rather  thin,  horizon- 
tal, platy  parting,  by  which  it  splits  and  weathers  into  piles  of 
plates.  Seen  in  the  bright  light  of  a  clear,  snnny  day,  the 
contrast  with  the  dark  shonkinite  makes  the  one  seem  white, 
the  otlier  black,  especially  when  they  are  seen  in  large  luasses. 
In  hand  specimens,  the  contrast,  though  very  strong,  is  not  so 
pronounced. 

This  syenite  resists  weathering 
much  better  than  the  crnmbly,  tran- 
sition rock  mentioned  above  and 
has,  therefore,  conditioned  the  for- 
mation of  curious  and  fantastic  rock 
piles  along  the  line  of  the  outcrop. 
They  commonly  take  the  form  of  a 
mushroom  or  stool  in  which  the 
outspreading  top  is  formed  of  the 
syenite,  while  the  stem  is  composed 
of  the  transition  rock.  They  are 
'  illustrated  in  tig.  5  from  a  held 
sketch.  These  are  often  fifteen  feet 
or  so  in  height  and  their  mode  of  formation  is  much  like  that 
of  rock  tables  standing  on  an  ice  foot  on  the  surface  of  a 
glacier  or  the  breccia  hoodoos  of  the  Yellowstone  Park. 
They  are  somewhat  different  and  smaller  than  the  monoliths 
of  the  hoodoo  zone  around  the  base  of  Square  Bntte,  which 
have  been  formed  in  a  somewhat  similar  way.  Seen  in  rows 
along  the  hillslopes  at  the  outcrop  of  the  transition  rock,  they 
present  a  weird  and  curious  effect,  suggesting,  crude  architec- 
tural efforts  of  some  primitive  race.  In  other  places  the 
transition  rock  weathers  back  along  the  outcrop  into  shallow 
caves,  the  floor  of  shonkinite,  the  roof  of  syenite,  the  entrance 
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marked  by  thick  pillars  of  the  transition  rock.     This  is  merely 

aD  earlier  stage  of  the  development  of  the  isolated  mnsbroom- 

like  masses,  and  one  phase  of  it  is  shown  in  tig.  6. 

The  thickness  of  tne  platy  white  syenite  is  about  25  to  30 

feet  and  above,  always  ascending,  it  passea  in  narrow  limits 

into  the  same  coarse,  crambly,  transition  rock  as  that  below  it. 

Here  on  top,  however,  this  is  bnt  abont  five  feet  in  thickness 

and  it  then   passes  into  a  coarse  shonkinite  like  that  below; 

this  in  abont  five  feet  begins  to 

be  denser  and  blacker,  and  in 

ibont  five  feet  more  it  becomes 

a  porphjritic  rock  spotted  with 

angites  and  altered  tencites,  the 

same  leacite  basalt  as  at  the  very 

bottom. 
We  are  now  on  the  very  top  of 

the  laccolith  ;  an  elevated  plateau 

devoid  of  vegetation  save  for  a 

sparse  growth  of  grass.     On  all 

sides,  except  on  the  cliff  looking 
down  into  the  Slionkin  Sag,  it  rolls  gently  down  towards  the 
eediments  showing  a  marked  turtle-back  form  and  its  center 
is  cut  into  by  the  descending  gulches  which  merge  into  the 
dissecting  gorge.  Except  around  this  basin  it  is  covered  with 
tlie  overlying  sediments,  but  here  the  top  of  the  igneous  rock 
isesposed.  In  one  place  the  cover  was  found  to  be  cracked 
ind  filled  with  a  dike  of  much  altered  basic  rock. 

Cav8e  of  the  Dissection. 
In  the  foregoing  description  there. has  been  given  somewhat 
fnllj  the  actual  facts  to  be  observed  in  the  field,  and  there  now 
remains  the  interpretation  of  them.  From  what  is  stated  else- 
where in  the  chapter  on  the  Shonkin  Sag  and  from  the  pres- 
ence and  character  of  the  morainal  drift,  it  is  evident  that  dur- 
iDg  the  glacial  period  the  continental  ice  sheet  in  this  region 
pushed  its  way  as  far  south  as  the  lower  elopes  and  foot-hills 
of  the  Highwood  Mountains.  In  its  advance  the  Missouri 
River  was  driven  southward  and  forced  to  flow  around  the 
foot  of  the  ice  front.  In  doing  so  it  excavated  the  valley  of 
the  Shonkin  Sag  and  thus  sawed  down  and  through  the  outer 
eircnmferenee  of  the  laccolith  as  a  knife  might  cut  down 
through  a  cake.  It  is  possible  and  even  probable  that  the 
nver  deepened  and  cut  out  an  already  existent  smaller  valley, 
entirely  removing  the  outer  section  of  the  laccolith.  The 
pwition  of  the  intersecting  tributary  was  also  previously  deter- 
"lined,  and  the  ice  moved  over  the  already  eroded  surface  of 
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the  laccolith.  Evidences  of  scouring  and  polishing  were  not 
observed  on  those  parts  of  the  taccolitli  surface  which  were 
crossed,  but  it  is  probable  that  they  may  exist.  The  dense  hard 
basalt  of  the  contact  variety  was  noted  as  scratched  and  striated 
boulders  in  the  drift.  At  the  close  of  the  glacial  period  the 
river   retreated   to   its  present 

f)osition,  and  since  then  erosion 
las  deepened  and  extended  the 
dissection.  The  relative  posi- 
tion of  the  former  Missonri  val- 
ley, the  laccolith,  aud  the  dis- 
secting stream  are  shown  in  the 
adjoining  fig.  7,.  which  repre- 
sents thetn  in  a  diagrammatic 
ground  plan.  In  fig,  8  is  given 
a  stereogram  of  the  laccolith  in 
which  the  various  points  men- 
FiG.  T.  A  A,  former  MisBoun  valley,  tioned  are  shown  in  a  diagram- 
BB,  lacooiith.  cc,  interBecting  tribu-  matic  way.  The  dotted  surface 
"T-  at  the  top  represents  in  a  gene- 

ral manner  the  area  bared  by  erosion. 


Internal  Structure. 

From  the  description  which  has  been  given,  it  is  clear  that 
the  outer  portion  of  the  laccolith  is  different  from  the  interior 


Fia   S,     fllereogram  of  Shotikin  Saj;  laccolitb. 

In  the  character  and  types  of  rocks  composing  it.  These  may 
be  concisely  summed  up  tn  the  following  section,  which  may 
be  regarded  as  approximately  correct. 
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Sections  of  Laccolith, 

Center 
feet. 

Leacite  basalt  porphyry 5 

Dense  shonkinite 5 

SboDkinite 5-6 

Transition  rock 3 

Syenite 25-30 

Transition  rock 15 

Shonkinite 60-75 

Leucite  basalt  porphyry 15 


Outer  wall 
feet. 

10-15 


70 
15 


Total  (approx.) 


140 


100 


From  these  data  we  can  now  construct  a  cross  section  of  the 
laccolith  which  will  have  the  appearance  shown  in  fig.  9. 


Fig.  9.     Cross  section  of  Shonkin  Sag  laccolith. 

In  this  figure  the  cross  section  is  in  its  natural  proportion 
as  regards  tne  relation  of  the  vertical  and  horizontal  scales, 
and  this  shows  the  sheet- like  or  flattened  character  of  the 
laccolith.  The  transition  rock  and  the  syenite  are  included  in 
the  UDColored  portion  of  the  section  ;  their  vertical  thickness 
ifl  known,  but  their  horizontal  extension  is  from  necessity 
largely  conjectural,  since  we  have  the  distance  of  its  extension 
from  the  center  in  only  one  direction  towards  the  outer  cliff 
wall  side,  as  revealed  in  the  dissecting  gulch. 


fto.  10.    a,  Syenite;  6,  transition  rock;  c,  shonkinite;  d,  leucite  basaltjpor- 
pbjry.    Vertical  scale  six  times  the  horizontal. 


Fig.  10  18  simply  an  enlargement  of  the  preceding  diagram 
ni  order  to  exhibit  better  the  relation  of  the  parts.  The  verti- 
cal scale  is  six  times  that  of  the  horizontal  in  order  to  bring 
the  diagram  within  practical  limits.  This  does  not,  of  course, 
affect  the  relative  ratios  of  thickness  of  the  different  layers  to 
one  another. 
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Oar  interpretation  of  the  facts  previously  described  then, 
is,  that  if  one  were  to  take  the  cross  section  of  fig.  10  and 
revolve  it  upon  a  perpendicular  drawn  through  the  middle 
point,  the  resulting  figure  of  revolution  which  would  be  gen- 
erated would  exhibit  our  concepti<>n  of  the  laccolith  and  the 
structural  relation  of  its  interior  parts.  It  is  true  this  would 
cause  the  laccolith  to  become  a  true  circle  in  ground  plan,  and 
the  successive  shells  and  syenite  kernels  to  6e  also  circular  in 

f round  plan  or  projection  on  a  horizontal  map  surface,  and  to 
ave  a  common  center — and  we  do  not  know  that  this  is 
exactly  the  case ;  the  laccolith  may  be  more  or  less  ellipsoidal 
or  irregular  in  outline  and  so  also  the  interior  shells  and  the 
kernels ;  they  may  not  have  exactly  common  centers  nor  be 
everywhere  of  the  same  thickness,  and  this  is  very  probably 
the  case ;  nevertheless,  these  are  mere  details  and  we  believe  of 
little  importance  in  comparison  with  the  idea  that  the  figure 
would  express  the  generally  circular,  concentrically  zonal 
arrangement  of  the  parts. 

While  the  discussion  of  the  facts  presented  and  the  conclu- 
sions drawn  from  them  in  their  special  relation  to  recent 
theories  in  the  field  of  petrologic  research  would  carry  us 
too  far  for  the  purposes  ef  this  paper,  it  will  be  well  to  point 
out  here  some  of  the  important  bearings  they  have  in  this 
respect. 

In  the  first  place,  it  appears  clear  to  us  that  the  structural 
relations  of  the  different  parts  of  the  laccolith  to  each  other 
are  due  to  causes  which  nave  operated  in  the  laccolith  itself. 
We  conceive  that  the  body  of  the  magma  forming  the  lacco- 
lith must  have  been  injected  as  a  whole,  in  a  homogeneous 
condition,  and  that  rearrangement  and  formation  of  the  various 
arts  followed  within  the  mass  itself.     The  occurrence  of  ball- 
ike  masses  in  the  upper  crust  of  the  laccolith  seems  to  show 
that  the  filling  took  place  with  'considerable  rapidity.      W^ 
believe  that  after  injection  of  the  homogeneous  magma,  th^ 
first  stages  of  cooling  and   crystallization   against  the  outer 
envelope  of  sedimentary  rocks  was  relatively  more  rapid  than, 
that  affecting  the  inner  portion,  and  resulted  in  producing  the 
outer  porphyritic  shell,  the  zone  of  endomorphic  contact  meta-_ 
morphism.  *  In  the  meantime,  and  as  time  went  on,  there  waB 
a  gradual  withdrawal  and  concentration  of  lighter  feldspathio 
material  by  some  process  of  differentiation,  to  the  inner  upper 
portion  of  the  mass,  with  a  relative  enrichment  of  an  outei" 
zone  in  lime,  iron,  and  magnesia.     This  is  most  marked  in  th^ 
case  of  the  white,  inner  syenite,  and  naturally  less  so  in  th^ 
transition  rock. 

After  the  process  had  finished  or  perhaps  while  it  was  sti In- 
going on,  crystallization  and  solidification  were  advancing  frof*^ 


I 


Weed  and  Pirason — Highwood  Mts.  Laccoliths.        IS 

withont  inwardly,  and  finally  the  laccolith  was  formed  as  we 
now  find  it. 

On  the  other  hand,  we  do  not  believe  that  the  laccolith  was 
produced  by  successive  injections  of  magmas  of  different  chem- 
ical composition  which  were  injected  into  those  already  injected 
and  solidified,  splitting  them  m  the  process.  The  significant, 
orderly  and  regular  arrangement  of  the  different  parts  in  con- 
centric zones,  the  lack  of  contact  phenomena  between  them, 
their  gradation  into  one  another  from  the  most  basic  on  the 
outside  to  the  most  acid  on  the  inside,  and  the  chemical  rela- 
tionships of  the  different  types  all  seem  to  us  to  clearly  forbid 
such  a  supposition,  to  say  nothing  of  the  mechanical  difficulties 
involved.  And  also  the  recurrence  elsewhere  in  this  district 
of  the  same  rock  types  with  similar  arrangement  as  at  Square 
Batte,  has  a  positive  bearing  on  this  point  and  is  another 
strong,  if  not  conclusive  argument  against  such  a  theory. 

It  also  appears  to  us  that  the  theory,  where  acid,  feldspathic, 
intrusive  masses  are  formed  with  basic  border  zones  rich  in 
lirae,  iron,  and  magnesia,  that  this  is  due  to  absorption  of  such 
material  by  the  fluid  magma  from  the  surrounding  rocks  is  not 
applicable  in  this  case,  however,  it  may  be  elsewhere.  The 
reasons  for  this  may  be  divided  into  three  heads. 

First.  From  the  regular  and  orderly  arrangement  of  the 
parts,  it  is  evident  that  such  absorption  could  not  have  taken 
place  at  lower  horizons  with  subsequent  injection  of  the  homo- 
geneous magma  into  its  present  position.  If  melting  and 
absorption  of  the  sediments  took  place,  it  did  so  in  the  place 
where  the  mass  now  is.  But  in  this  case  it  is  clear  that  the 
magma  roast  have  had  the  composition  of  the  inner,  highly 
alkaline  syenite.  An  inspection  of  the  section  drawn  on  the 
natural  scale  will  at  once  snow  that,  to  produce  the  great  body 
of  shonkinite  from  the  syenite,  there  must  have  been  melted  up 
and  absorbed  a  vast  body  of  surrounding  rock,  an  effect  incon- 
ceivably too  great  for  any  body  of  injected  molten  magma  to 
perform.  And  in  this  case  how  should  we  explain  the  thin 
fringing  sheets,  homogeneous  throughout,  having  nearly  the 
sime  composition  as  the  shonkinite,  and  which  run  out  for 
such  great  distances  among  the  unchanged  sandstones. 

Second.  The  theory  demands  that  lime,  iron,  and  magnesia 
should  be  the  elements  absorbed,  but  the  laccolith  lies  sur- 
rounded by  Cretaceous  sandstones,  composed  chiefly  of  quartz 
with  some  feldspar.  Indeed,  in  the  sedimentary  formations 
of  this  portion  of  Montana  described  by  us  in  numerous 
memoirs,*  we  know  of  no  series  of  beds  which,  melted  up, 

•Geology  of  the  Castle  Mountains  Mining  District,  Bull.  139,  U.  S.  Geol.  Surv.; 
G«ology  of  the  Judith  Mountains,  18th  Ann.  Rep.,  U.  S.  Geol.  Surv.,  Part  III, 
P-  437;  Geology  of  the  Little  Belt  Mountains,  20th  Ann.  Rep.,  U.  S.  Geol.  Survey, 
P»rt  III,  p.  267. 
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would  produce  the  desired  result ;  we  should  have  to  imagine 
selective  melting  and  absorption,  a  quite  incredible  idea. 

Moreover  this  is  shown  by  a  consideration  of  the  chemical 
character  of  the  two  main  types  of  igneous  rocks.  An  analysis 
of  the  shonkinite  has  been  made  for  us  by  Dr.  W.  F.  Hille- 
brand  in  the  laboratory  of  the  U.  S.  Geological  Survey  and  is 
given  below  under  Iso.  1.  Dr.  Hillebrand  has  also  made  a 
partial  analysis  of  the  syenite,  the  character  of  the  material  not 
warranting  more  extended  work,  and  this  is  given  under  No.  2. 

Analyses. 

I.  IL 

SiO 47-88  60-00 

A1,0, ]2-10  19-36(+TiO,-f-P,0,) 

Fe,0, 3-53  3-87 

FeO   4-80  2-67 

MgO 8-64  2-18 

CaO 9-35  4-96 

NaO 2-94  363 

K,0   5-61  8-52 

11,0  +  110^ 1-52  3-53  (IgD.) 

H^O  — 110° -70  -46 

CO  '12 

Tid,  '. '. " ' ". "///."  -77         with  Al^'o, 

ZrO, -03 

P,0, Ill         withAl,0, 

VO3 04 

SO, none  

CI tr.  

F -05  

S -025  

Cr,0, -035  

NiO tr. 

MnO -15  

BaO -46  

SrO -13  

Li,0 none  

99-99  99-18 

The  analysis  of  the  syenite  shows  12  per  cent  of  alkalis  and 
in  order  to  change  this  to  the  composition  of  the  shonkinite  an 
enormous  amount  of  material  would  have  to  be  added.  The 
same  may  be  said  with  regard  to  the  alumina.  It  will  be 
noticed,  however,  that  the  silica  remains  practically  the  same. 
The  argument  is  the  same  as  that  which  we  have  already 
adduced  for  Castle  Mountain^  and  at  Yogo  Peak  in  the  Little 
Belt  Mts.t 

♦  Bull.  U.  S.  Geological  Survey,  No.  139,  1896,  p.  133. 
f  20th  Ann.  Rep.  U.  S.  Geol.  Surv.,  1900,  Part  3,  p.  577. 
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Third.  There  is  not  the  slightest  evidence  of  melting  and 
absorption  of  the  beds  in  place,  in  fact,  as  we  have  previously 
described,  the  amount  of  contact  metamorphism  is  extremely 
limited.  Moreover,  an  inspection  of  the  cliff  wall  fronting  the 
Shonkin  Sag,  shows  that  the  beds  on  top  of  the  laccolith  are 
the  same  as  those  which  elsewhere  rest  on  its  basal  beds :  they 
have  simply  been  lifted  by  the  intrusion  of  igneous  material 
and  there  is  nothing  lacking  in  the  sedimentary  series,  a  fact 
which  at  once  disproves  the  idea  of  melting  and  absorption.. 

We  may  thus  with  the  utmost  confidence  dismiss  these  two 
hypotheses,  that  the  arrangement  of  the  rock  types  is  due 
either  to  successive  injections  or  to  the  absorption  of  sedimen- 
tary material  by  a  molten  fluid  and  return  to  our  original 
proposition,  that  it  has  been  produced  by  processes  which  have 
taken  place  within  the  laccolith  itself  after  it  had  been  injected 
as  a  homogenous  body  of  magma. 

What  these  processes  may  have  been  will  be  discussed  later 
in  a  work  on  the  petrology  of  the  region,  but  in  concluding 
this  description  of  the  geology  of  the  Shonkin  Sag  lac- 
colith we  desire  to  again  remark,  that  we  believe  it  furnishes 
one  of  the  best  and  most  conclusive  examples  of  the  differen- 
tiation of  igneous  rocks  which  has  yet  been  described,  and  we 
regret  that  it  is  not  in  a  more  accessible  locality  for  study  by 
other  geologists. 

Palisade  Butte.- ^**'^  ^  /3o  ff^) 

By  reference  to  the  map,  fig.  1,  accompanying  this  paper,  it 
will  be  seen  that  Palisade  Butte  is  situated  somewhat  less  than 
a  couple  of  miles  west  of  Square  Butte.  It  stands  isolated 
upon  the  open,  slightly  rolling  plains  country,  and  though 
somewhat  dwarfed  by  the  nearness  of  its  greater  companion  to 
the  east,  it  forms,  like  Square  Butte,  a  prominent  landmark 
for  long  distances  across  the  open  prairies.  It  rises  some  eight 
hundred  feet  above  the  plain  and  its  outline  seen  against  the 
sky  resembles  the  weathered  stump  of  some  gigantic  colossal 
tree. 

On  closer  inspection  its  salient  features  are  easily  seen.  On 
all  sides  a  long  talus  slope  in  great  part  covered  with  soil  and 
grass  but  broken  here  and  there  by  low  outcrops  and  masses  of 
rock  leads  up  with  increasing  gradient  from  the  plain  to  the 
bare,  tall  cliffs  of  naked,  massive  rock  which  compose  the  main 
mass  of  the  butte.  Above  these  cliffs  there  are  again  steep 
slopes  interrupted  anew  by  cliffs. 

These  great  walls  are  remarkable  for  the  very  regular  and 
beautiful  columnar  structure  of  the  rock,  the  hexagonal  col- 
umns being  on  an  average  about  eighteen  inches  in  diameter 
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though  often  greater,  divided  by  regular  crossjoints.  They 
extend  the  whole  height  of  the  exposures  in  which  they  occur 
and  thus  attain  a  length  of  100  to  150  feet  in  places,  but  it  is 
evident  that  originally  they  must  have  extended  through  the 
whole  of  this  portion  of  the  igneous  mass,  as  shown  in  the 
Shonkin  Sag  laccolith,  and  therefore  may  have  been  several 
hundred  feet  in  length.  It  is,  of  course,  by  the  breaking 
away  of  these  columns  that  the  vertical  cliflfs  have  been 
formed.  At  a  distance  on  the  plain  the  butte  appears  faced 
by  a  series  of  colossal  pillars  or  palisades,  and  from  this  appear- 
ance it  has  received  its  name.  It  strongly  recalls  "Mateo 
Tepee "  or  the  "  Bear  Lodge  Butte "  on  the  west  side  of  the 
Black  Hills. 

The  rock  composing  the  columnar  portion  of  the  butte  and 
the  outcrops  in  the  talus  is  of  shonkin ite  of  a  somewhat  firmer 
texture  and  perhaps  more  feldspathic  character  than  that  of 
Square  Butte.  On  all  exposed  surfaces  it  weathers  to  a  very 
dark  color,  giving  the  cliffs  a  sombre  and  gloomy  character. 

In  several  places  the  line  of  cliffs  is  cut  by  deep  and  narrow 
gulches  descending  through  them,  up  which  one  can  easily 
clamber  and  attain  the  grassy  slopes  and  shoulders  above  them, 
and  thus  by  continuing  reach  the  summit.  These  grassy  slopes 
are  varied  here  and  there  by  groves  and  clumps  of  small  pines. 

The  butte  is  crowned  at  the  top  by  a  large  mass  of  a  light- 
colored  rock  of  a  platy,  laminated  character.  This  is  an  augite 
syenite  much  like  that  already  described.  It  weathers  with 
a  much  lighter  color  than  the  shonkinite  on  account  of  the 
preponderance  of  the  feldspar  over  the  augite,  and  the  con- 
trast between  the  two,  while  not  so  pronounced  as  at  Square 
Butte,  is  still  a  striking  one. 

The  mass  of  syenite,  which  has  a  considerable  thickness,  is 
roughly  wedge-shaped  in  form,  with  a  cliff  of  some  height 
toward  the  south  and  a  slope  toward  the  north.  On  the  For- 
mer side,  the  rock  with  its  platy,  horizontal  parting  is  clearly 
seen  to  be  resting  on  the  massive,  columnar  shonkinite,  but 
towards  the  north  the  relations  are  less  clear  because  in  this 
direction  it  slopes  down  in  talus  masses  and  in  fact,  on  this 
side  the  butte,  to  a  great  degree,  loses  its  precipitous  character 
and  slopes  sharply  down  toward  the  plain,  with  the  broken 
down  rock  masses  intermingling. 

Differentiation. — In  the  characteristics  of  the  rock  compos- 
ing it,  there  is  to  be  seen  the  same  differentiation  as  that  found 
in  Square  Butte  and  the  Shonkin  Sag  laccolith,  only  not  so 
sharply  expressed.  In  the  low  outcrops  of  rock  in  places 
which  rise  through  the  talus  slopes  and  are  furthest  from  the 
butte,  the  shonkinite  composing  them  is  very  rich  in  augite 
and  therefore  dark  and  basic,  like  that  of  Square  Butte.     As 
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one  approaches  the  butte  there  in  an  increase  in  the  feldspathic 
components,  and  the  rock  of  the  columnar  cliffs  is  perceptibly 
different  from  that  of  the  lower  outcrops.  In  the  syenite  of 
the  platy  mass  on  top  this  difference  is,  of  course,  much  more 
marked ;  the  rock  is  not  so  strikingly  lencocratic  as  the  syen- 
ites of  Square  Butte  and  the  Shonkin  Sag  laccolith,  but  is  still 
a  syenite. 

Thus  the  same  order  holds  as  in  the  other  laccoliths,  a  basic 
outer  and  lower  mass,  above  a  more  feldspathic  upper,  inner 
portion,  and  there  has  been,  therefore,  the  same  kind  of  differ- 
entiation as  in  the  other  laccoliths,  only  more  gradually  ex- 
pressed. 

Laccolithic  Character. — From  what  has  been  said  we  infer 
that  Palisade  Butte  represents  the  remains  of  a  laccolith  for- 
merly of  greater  size.  We  are  led  to  this  conclusion  by  its  posi- 
tion, structures,  and  associations. 

The  three  laccoliths  form  a  transitional  group;  the  Shonkin 
Sag  is  the  flattest  and  also  the  lowest  and  therefore  the  one 
most  protected  from  erosion.  Its  top,  in  fact,  is  just  beginning 
to  emerge,  and  its  laccolithic  character  would  not  be  so  evi- 
dent if  it  were  not  for  the  trenching  in  it  by  the  former  river 
action  which  has  given  such  good  cross  sections.  Square 
Butte  stands  much  higher  and  has  been  exposed  to  much 
greater  denudation  ;  its  cover,  save  in  small  areas  around  the 
base,  has  been  stripped  off  and  a  considerable  part  of  the 
igneous  rock  removed.  Palisade  Butte,  standing  at  the  same 
level  as  Square  Butte,  has  suffered  from  the  same  amount  of 
erosive  agencies,  but  being  smaller  in  size  the  relative  effect 
has  been  greater  and  the  cover  has  entirely  disappeared,  and  a 
large  part  of  the  laccolith,  so  that  around  it  the  floor  is  exposed 
and  only  the  central  portion  of  the  mass  remains. 

U.  S.  Geological  Survey,  Washington,  D.  C,  and  Yale  University, 
New  Haven,  Conn.,  April,  1901. 
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Art.  II. — On  the  Manganese  Ore  Deposits  of  the  Qtieluz 
{Lafayette)  District,  Minas  Geraes,  Brazil;  by  Orville 
A.  Derby. 

In  a  communication  entitled  "The  Manganese  Ores  of 
Brazil,"  published  in  the  Journal  of  the  Iron  and  Steel  Insti- 
tute for  the  current  year  (1900),  Mr.  Herbert  K.  Scott  gives  a 
very  interesting  account  of  two  ore  districts  in  the  state  of 
Minas  Geraes  tnat  within  the  last  few  years  have  sprung  into 
considerable  prominence  on  account  of  the  abundance  andhigh 
Quality  of  their  ores.  These  two  districts,  though  adjacent, 
differ  widely  in  geological  characters  and  in  the  mode  of  oriein 
of  their  ores.  The  Miguel  Bumier-Ouro  Preto  district,  which 
is  more  particularly  described  by  Mr,  Scott,  is  constituted  by  a 
series  of  quartzites  and  schists  in  which  hematitic  quartz- 
schists  (itabirites)  are  a  prominent  feature,  the  manganese  ore 
occurring  in  intimate  association  with  these  iron  schists  and 
with  limestone.  The  geological  conditions  are  therefore  simi- 
lar to  those  described  by  Vogt  in  his  work  ISalten  og  Hanen 
for  certain  Norwegian  deposits  of  associated  iron  and  mangji- 
nese  ores  that  have  almost  certainly  been  derived  through  leach- 
ing from  iron-  and  manganese-bearing  carbonates.  The  de- 
tails given  by  Mr.  Scott  are  very  conclusive  in  support  of  this 
view  of  the  mode  of  origin,  which  I  have  briefly  discussed  in  a 
note  appended  to  his  paper. 

In  tne  closely  adjacent  Queluz*  district,  on  the  contrary,  the 
ore  bodies  occur  in  association  with  granitic  and  gneissic  rocks 
and  there  is  a  complete  absence  of  the  calcareous  and  ferrugi- 
nous beds  that  accompany  the  ore  in  the  other  district.  Tne 
mining  and  prospecting  operations  thus  far  effected  have,  on 
account  of  questions  of  transportation,  been  limited  to  a  zone 
10  to  20  kilometers  wide  on  each  side  of  the  railroad.  In  the 
zone  thus  defined  the  outcrops  of  ore  are  so  numerous  and 
large  as  to  indicate  an  extremely  extensive  and  widespread 
mineralization  of  an  area  that  is  doubtless  much  larger  than 
has  thus  far  been  recognized.  The  existing  maps  of  the 
region  are  so  defective  that  no  positive  correlation  of  the  dif- 
ferent outcrops  can  be  made,  but  there  are  strong  indications 
of  the  existence  of  at  least  three  distinct  ore  belts.     These  are: 

1st.  A  western    belt,  marked  by  the  two  active  mines  of 

*  The  name  Lafayette  given  in  Mr.  Scott's  paper  was  given  to  the  railwaj 
station  in  the  border  of  ihe  town  of  Queluz  in  order  to  avoid  confusion  with 
another  place  of  the  same  name  in  the  same  railway  system.  In  common  par- 
lance the  name  Lafayetie  has  come  into  general  use  for  the  whole  district,  but  Id 
the  administrative  division  of  the  state  Queluz  is  still  retained  as  the  name  of  the 
town  and  of  the  municipal  district  of  which  it  is  the  center. 
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Piquiry  and  Sao  Gongalo,  situated  some  3  or  4  kilometers  apart 
on  the  same  ridge,  with  a  number  of  known  intermediate  out- 
crops and  probably  prolonged  southward  by  others  that  have 
been  prospected  but  not  worked, 

2d.  An  eastern  belt,  marked  at  the  extremes,  so  far  as  known, 
by  the  Morro  da  Mina  (Mine  Hill)  and  Agria  Limpa  (Clear 
Water)  deposits ;  and 

3d.  A  central  belt,  represented  by  the  abandoned  Barroso 
workings  close  to  the  railroad  a  few  kilometers  south  of  the 
town. 

At  all  of  the  localities  above  mentioned  perfectly  sound  gran- 
ite occurs  within  a  few  hundred  meters  of  the  ore  bodies  and 
at  Piquiry  the  wall  or  walls  are  constituted  by  a  residual  clay 
resulting  from  the  complete  decomposition  in  situ  of  a  typical 
granitic  rock  that  gives  an  abundant  and  characteristic  residue 
of  sharp-edged  zircons.  At  Sao  Gonjalo,  where  only  the 
foot  wall  is  exposed  to  view,  this  and  some  intercallated  layers 
near  it  are  of  completely  decomposed  schists  whose  original 
character  will  be  discussed  farther  on.  At  Barroso  both  foot 
and  hanging  wall  are  of  decomposed  schists  that  are  suspected 
to  have  been  originally  amphibolic,  while  at  Agua  Limpa  a 
sound  amphibolic  schist  of  peculiar  character  occurs  within  a 
few  meters  of  the  ore  body.  At  Morro  da  Mina,  aside  from 
dubious  decomposed  schists  apparently  similar  to  those  at  Sao 
Gon^alo,  a  peculiar  residual  clay  occurs  that  will  be  discussed 
below.  A  peculiar  feature  is  the  occurrence  of  well-defined 
layers  of  graphitic  schist  in  the  ore  of  Agua  Limpa,  Morro  da 
Mina  and  Sao  Gon^alo,  while  at  all  of  the  localities  parts  of  the 
ore  body  are  more  or  less  graphitic. 

The  Piquiry  ore  body  presents  the  appearance  of  a  mass  of 
secondary  material,  or  gossan,  resulting  from  the  alteration  of 
a  vertical  dike  or  vein,  some  ten  or  dozen  meters  wide.  The 
margins  are  sharply  cut  against  a  tough  clay  which  is  undoubt- 
edly decomposed  granite,  presumably  identical  with  the  sound 
granite  occurring  a  few  hundred  meters  distant  from  the  mine. 
In  appearance  both  foot  and  hanging  wall  are  presented,  but 
Mr.  Scott  thinks  that  the  opening  is  on  an  elbow  of  the  ore 
body,  so  that  in  reality  only  one  wall  is  seen.  The  ore  is  a  hard 
spongy  black  oxide  apparently  consisting  for  the  most  part  of 
psilomelane  but  with  an  admixture  of  other  oxides  that  fre- 
quently occur  in  beautiful  crystallizations  in  the  spongy  cavi- 
ties. ?Jo  cargo  analyses  are  at  hand,  but  Mr.  Scott  gives  for  a 
sample  of  ore  prepared  for  shipment:  manganese  (metallic) 
51*40  per  cent,  iron  2*00  per  cent,  siliceous  residue  5*02  per 
cent,  phosphorus  0*13  per  cent. 

In  the  midst  of  the  merchantable  ore  occur  inconstant  bands 
and  patches  of  hard  siliceous  material  with  the  appearance  of  a 
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quartzite,  but  which  on  examination  proves  to  be  composed 
almost  exclusively  of  a  finely  granular  mass  of  ashy  white  man- 
ganese garnet.  A  complete  series  of  alteration  phases  between 
perfectly  typical  garnet  rock  and  merchantable  ore  can  be  read- 
ily selected,  and  there  can  be  no  doubt  that  the  latter  results 
from  the  decay  and  leaching  of  the  former. 

In  part  from  the  ore  body  itself,  in  part  from  the  dump  heap 
of  rejected  material,  the  following  phases  of  the  garnet  rock 
were  obtained. 

1st.  A  very  fine-grained,  compact  and  finely  jointed  rock  of 
bluish  gray  color  with  partings  lined  with  asbestus.  Under  the 
microscope  the  rock  is  seen  to  be  composed  almost  exclu- 
sively of  closely  appressed  idiomorphic  grains  of  whit6  garnet 
showinga clear  border  but  with  the  center  highly  charged  with 
a  fine  black  opaque  powder  that  appears  to  be  graphite.  In  the 
somewhat  rare  interspaces  between  the  garnet  grains  and 
molded  upon  them  is  a  glassy  white  anisotropic  mineral  gen- 
erally altered  to  a  mass  of  asbestiform  fibers  which,  so  far  as 
its  form,  optical  properties  and  cleavages  can  be  made  out,  is  a 
member  of  the  amphibole  group.  A  qualitative  test  on  a  small 
amount  of  material,  largely  asbestiform,  separated  with  heavy 
liquids  shows  the  presence  of  silica,  lime,  magnesia,  iron,  man- 
ganese and  alumina,  the  latter  in  scarcely  more  than  traces, 
thus  confirming  the  identification  of  the  mineral  as  an  alumina- 
free  amphibole.  The  only  accessories  that  could  be  detected 
in  the  section  are  apatite  in  rare  grains  and  the  above  mentioned 
inclusions  in  the  garnet,  the  reference  of  which  to  graphite  is 
apparently  confirmed  by  a  distinct  reaction  for  carbonic  acid 
after  fusion  with  nitre  and  by  the  presence  of  free  graphite  in 
other  similar  rocks  from  the  same  ore  body.  An  analysis  of 
this  rock  kindly  made  by  Dr.  G.  Florence  gave : 

SiO, 38-47 

A1,0,    21-07 

Fe,0, 7-38 

MnO 27-90 

CaO 4-70 


99-52 


A  second  specimen  of  the  same  general  type  but  not  jointed 
is  largely  oxidized  and  stained  at  the  margins  and  in  patches 
with  manganese  oxide  and  has  the  amphibolic  mineral  stained 
brown  while  the  apatite  is  much  more  abundant. 

2d.  A  dark  brown  rock  heavily  charged  with  manganese 
oxide  and  too  friable  to  permit  the  preparation  of  microscopic 
sections  is  evidently -of  the  same  type  as  the  second  specimen 
above  mentioned  but  more  completely  decomposed  and  much 
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more  heavily  charged  with  graphite.  The  very  abundant  resi- 
dne  obtained  by  washing,  or  by  treatment  with  acid,  is  in  great 
part  of  a  dirty  white  color,  the  garnet  grains  being  discolored 
by  a  closely  adherent  graphitic  powder.  The  amphibolic  min- 
eral, apparently  more  abundant  than  in  No.  I,  appears  in  the 
residues  in  rudely  prismatic  forms  but  is  too  heavily  stained 
with  manganese  oxide  to  permit  of  a  satisfactory  determination. 
No  apatite  could  be  detected  in  the  residue,  but  the  acid  solu- 
tion from  the  rock  gave  a  distinct  reaction  for  phosphoric 
acid. 

3d.  A  milky  white  rock  which  under  the  microscope  is  seen 
to  be  composed  of  about  equal  parts  of  garnet  and  quartz,  the 
latter  being  abundantly  threaded  with  delicate  transparent 
needles  of  a  white  asbestiform  mineral.  The  garnet  is  for  the 
most  part  larger  and  better  crystallized  than  in  the  specimen 
above  described  and  has  a  decided  yellow  tinge.  The  quartz 
in  a  line  mosaic  about  the  garnet  grains  and  in  minute  refilled 
joints  is  almost  certainly  secondary,  filling  the  place  of  some 
mineral  that  has  disappeared.  The  asbestus  (?)  needles,  in  part 
free,  in  part  included  in  the  quartz,  are  undoubtedly  secondary 
but  not,  as  in  the  case  above  described,  formed  without  migra- 
tion by  the  transformation  in  place  of  some  preexisting  min- 
eral. The  only  accessory,  embedded  in  the  garnet  as  well  as  in 
the  quartz  and  thus  probably  of  primary  origin,  is  a  transpar- 
ent red  mineral  in  minute  grains  and  hexagonal  flakes  that 
give  strong  reactions  for  both  titanium  and  manganese.  The 
crystallographical,  optical  and  chemical  characters  of  this 
mineral,  so  far  as  they  can  be  made  out,  agree  with  those  of 
pyrophanite. 

The  above  observations  indicate  that  the  original  rock  from 
which  this  ore  body  was  derived  was  essentially  a  manganese 
garnet  rock  containing  sporadically  (and  perhaps  in  segregated 
masses)  an  amphibole  mineral,  apatite,  a  titanium  mineral  and 
presumably  an  easily  decomposable  silicate  that  has  entirely 
disappeared.     Graphite  is  also  distributed  capriciously  through- 
out the  mass,  but,  as  will  be  shown  below,  this  is  perhaps  not 
an  original  or  essential  element.     The  predominant  quantity  of 
Hierchantable  ore  of  high  grade  shows  that  by  far  the  greater 
part  of  the  mass  must  have  been  an  almost  absolutely  pure 
inanganese  garnet  rock  from  which  silica  and  alumina  have 
l>een  leached  out.     Since  in  the  process  of  oxidation  iron  oxide 
^onld  almost  certainly  have  remained  and  have  been  concentrat- 
ed with  that  of  manganese,  the  original  rock  (and  especially  the 
garnet)  must  have  been  notably  free  from  this  element,  which 
in  the  ore  analyses  is  in  smaller  proportions  than  in  the  rock 
^mple  above  analyzed.     It  is  worthy  of  note  that  no  free  iron 
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oxide,  in  the  form  of  magnetite,  ilmenite  or  hematite,  could  be 
detected  as  an  original  element  in  the  sections  or  residues. 

At  Sao  Gonjalo  the  main  ore  body,  composed  exclusively  of 
hard  secondary  material  similar  in  appearance  and  composition 
to  that  of  Piquiry,  has  the  appearance  of  a  heavy  intercallated 
bed  with  an  inclination  of  30-40°  in  a  decomposed  schistose 
rock.  Sound  granite  occurs  a  few  hundred  meters  away,  but 
none  was  seen  in  immediate  contact  with  the  ore.  The  prin- 
cipal working  near  the  top  of  a  high  hill  exposes  about  three 
meters  of  the  foot  wall,  consisting  of  banded  clay  of  predomi- 
nant red  color  with  white  streaks,  which  on  a  carefully  scraped 
surface  shows  a  characteristic  gneissic  structure  with  indications 
of  small  included  fragments,  or  segregations,  differing  some- 
what in  texture  and  color  from  the  body  of  the  rock.  On 
washing,  this  clay  gives  a  very  abundant  argillaceous  slime, 
leaving  a  residue  of  tolerably  abundant  white  mica  (bleached 
biotite  ?)  with  a  very  moderate  amount  of  quartz  and  in  the 
heavy  portion  rare  grains  of  transparent  red  (secondary?)  hema- 
tite and  tourmaline.  Next  to  the  ore  body  the  clay  for  the 
space  of  about  20  centimeters  is  lighter  colored  with  white  and 
yellow  streaks,  and  this  shows  very  distinctly  an  augen-gneiss 
structure.  Its  residue  does  not  differ  materially  from  that  of 
the  underlying  reddish  clay  except  that  the  micaceous  portion 
has  more  the  appearance  of  secondary  sericite. 

From  the  above  observations  it  is  tolerably  evident  that  the 
foot  wall  at  Sao  Gongalo  was  a  somewhat  micaceous  gneiss  poor 
in  quartz  and  without  characteristic  clastic  or  granitic  accesso- 
ries, that  is  to  say,  it  was  most  probably  a  sheared  basic  erup- 
tive presumably  of  dioritic  or  gabbroitic  type. 

At  the  base  of  the  ore  body  comes  a  layer  about  30  centime- 
ters thick  of  quartz  rock  charged  with  manganese  oxide  and 
with  the  appearance  of  shattered  vein  quartz.  This  give  a 
moderate  residue  of  garnet  without  other  recognizable  acces- 
sories. 

Above  the  quartzose  layer  and  separating  it  from  the  heavy 
mass  of  secondary  oxide  that  constitutes  the  ore  body  proper, 
comes  a  layer  about  40  centimeters  thick  of  a  banded  yellowish 
clay  with  tolerably  distinct  traces  of  original  feldspathic  and 
micaceous  elements  giving  a  well-defined  gneissic  structure. 
This  gives  on  sliming  a  residue  of  secondary  (?)mica  and  earthy 
grains  of  manganese  oxide. 

Higher  up  in  the  ore  body  is  another  clay  layer  from  :2  to  3 
meters  thick  which  on  a  scraped  surface  shows  a  granitoid 
aspect,  with  small  scattered  patches  of  earthy  manganese  and 
iron  oxides  that  appear  to  occupy  the  place  of  some  original 
manganese-bearing  bisilicate  element.  This  also  gives  a  very 
abundant  argillaceous  slime  with  a  residue  of  granular  kaolin, 
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secondary  (?)  mica  and,  aside  from  the  earthy  oxides,  a  few  rare 
grains  of  tolerably  large  and  well-formed  zircons.  This  clay 
body  apparently  represents  an  unsheared  eruptive  rock,  possi- 
bly of  gabbroitic  type. 

Still  another  clay  horse  some  2  meters  thick  is  gneissic  in 
stractnre  with  white  kaolinitic  and  greenish  and  yellowish 
roicaceons  (?)  elements  and  nodular  masses  of  clay  charged  with 
manganese  and  iron  oxides.  The  residue  after  sliming  consists 
of  secondary  (?)  mica  without  quartz,  and  heavy  dirty  white 
earthy  grains  with  occasional  inclusions  of  rutile  that  are 
almost  certainly  alteration  products  of  ilmenite.  Associated 
with  this  layer  is  a  thin  one,  a  few  centimeters  thick,  of  a  pul- 
verulent clay  heavily  charged  with  graphite. 

With  the  exception  of  the  above  mentioned  quartzose  layer 
(or  sahlband),  which  apparently  must  be  considered  as  an  integ- 
ral part  of  the  ore  body  and  which  by  its  quartz  and  garnet 
contents  establishes  a  relation   with  the  original  type  of  the 
Piquiry  ore  mass,  the  mineral  at  Sao  Gon^alo  is  so  completely 
altered  by  secondary  processes  as  to  give  no  clue  regarding  its 
original  character  and  origin.     The  included  horses  of  clayey 
matter  may,  a  priori^  be  either  inclusions  of  country  rock, 
segregated  masses  of  the  original  rock  of  the  ore  body  itself, 
or  intrusive  dikes.     The  hypothesis  may  be  ventured  that  the 
jifneissoid  layer  without  manganese  and  with  traces  of  original 
ilmenite  isof  the  first  character,  that  the  gneissoid  layer  above  the 
quartzose  one  and  with  traces  of  manganese  oxide  is  of  the  second, 
while  the  granitoid  body  with  traces  of  manganese  oxide  and 
with  zircon   may  be  a  mass  of  the  same  character  that  has 
escaped  shearing,  though  it  is  more  probably  an  intrusive  dike. 
The  ore  of  the  main  opening  is  almost  exclusively  a  hard 
stony,  spongy  psilomelane  like  that  of  Piquiry  but  presenting 
more   distinct   evidences   of   shear  structure.     A  prospecting 
analysis  by  Mr.  Scott  gave  metallic  manganese  49*10  per  cent, 
siliceous  residue  6*34  per  cent,  and  phosphorus  0*126  per  cent. 
Lower  down  on  the  hillside  another  opening  has  been  made 
which  affords  in  part  a  hard  secondary  ore  ot  the  same  charac- 
ter as  the  above,  in  part  an  ore  of  earthy  aspect  that  was  at  first 
considered  to  be  of  doubtful  character  but  which  on  analysis 
proves  to  be  good  merchantable  stuff.     This  evidently  repre- 
sents an  altered  schistose  (sheared)  manganese-bearing  rocK  in 
which  the  resulting  oxide  has  not,  to  any  considerable  extent, 
migrated  or.  been  recrystallized  but  has  apparently  become 
somewhat  hydrated,  since  a  rough  test  gives  about  6  per  cent 
of  water.     Its  appearance  is  that  of  a  decomposed  argillaceous 
or  calcareous  schist  profusely  pitted  with  minute  rounded  cavi- 
ties that  are  frequently  lined  with  a  fine  white  crust  of  second- 
^  silica  that,  on  dissolving  the  oxide,  present  the  appearance 
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of  pseadomorphs  of  microscopic  garnets.  Another  locality,  to 
be  discussed  below,  proves  that  this  interpretation  is  correct  and 
that  the  pitting  of  the  rock  is  due  to  the  disappearance  of 
included  garnets.  Other  specimens  from  the  same  opening,  in 
which  the  structure  above  described  is  obscured  by  secondary 
manganese  oxide,  give  a  residue  with  some  sound  garnet,  with 
a  minute  quantity  of  ilmenite  and,  on  ignition  with  nitre,  a 
tolerably  abundant  reaction  for  graphite. 

The  Morro  da  Mina,  situated  some  6  to  8  kilometers  to  the 
northeastward  of  the  town,  is  a  high  hill  covered  quite  uni- 
formly with  outcropping,  or  loose,  ore  and  thus  presenting  the 
most  extensive  ore  deposit  yet  known  in  the  district.  As, 
however,  this  ore  is  more  siliceous  than  the  present  high 
requirements  of  the  market  admits,  very  little  has  been  done  in 
the  way  of  development  except  in  the  loose  superficial  material 
that  gives  little  insight  into  the  structure  of  the  ore  body,  but 
fortunately  an  old  abandoned  mining  tunnel,  apparently  driven 
by  some  deluded  gold  prospector,  gives  a  good  section  of  a 
considerable  portion  of  the  mass  and  below  the  zone  of  surface 
action.  As  at  Piquiry  and  Sao  Gonyalo,  granite  occurs  in  the 
immediate  vicinity  of  the  hill  but  none  was  seen  in  close  con- 
tact with  the  ore  body.  Prospecting  operations  in  the  neigh- 
borhood show  that  the  ore  continues  for  a  considerable  distance 
both  northward  and  southward  from  the  hill,  and  there  are 
strong  indications  that  in  the  latter  direction  a  more  or  less 
continuous  line  of  outcrops  connect  this  locality  with  that  of 
Agua  Limpa,  some  ten  or  dozen  kilometers  distant. 

The  above  mentioned  mining  tunnel,  which  unfortunately 
could  only  be  examined  by  the  insuflScient  lighting  of  matches, 
extends  for  about  25  meters  in  very  hard  somewhat  sheared 
manganese  ore  and  terminates  in  soft  unsheared  clay  that  evi- 
dently represents  some  massive  rock  decomposed  in  situ.  An 
assay  sample  taken  by  an  experienced  prospector  at  every  two 
meters  shows  that  the  mass  is  tolerably  uniform  in  structure 
and  composition  and  that,  except  in  comparatively  insignificant 
patches,  the  rock  is  perfectly  fresh.  This  sample  is  underetood 
to  have  given  on  analysis  about  40  per  cent  of  metallic  man- 
ganese, thus  corresponding  very  closely  with  the  analysis  given 
below  of  a  picked  specimen,  if,  as  is  presumable,  the  metallic 
contents  was  only  determined  in  tue  soluble  portion,  the 
abundant  residue  being  set  down  as  quartz  without  further 
examination.  This  ore  body  has  the  appearance  of  a  vertically 
sheared  dike,  or  intercalated  bed  of  which  one  side  is  free, 
forming  the  steep  slope  of  the  hill,  while  on  the  other  side 
comes  the  above  mentioned  clay  mass  that  separates  it  from 
another  smaller  and  parallel  ore  body  that  outcrops  on  the  top 
of  the  hill  at  a  distance  of  some  dozens  of  meters. 
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In  the  specimens  obtained  from  this  tnnnel  the  altered 
patches  present  the  earthy  pitted  appearance  of  the  above 
described  ore  from  Sao  Gonjalo  and  like  that  give,  on  treat- 
ment with  acid,  a  residue  of  microscopic  garnet,  skeletons  of 
secondary  silica  in  the  form  of  garnet  and  a  moderate  amount 
of  exceedingly  line  black  sand  giving  a  strong  titanium  reaction 
and  that  is  apparently  ilmenite  with  a  slight  admixture  of  trans- 
parent red  grains  without  defined  form  that  appear  to  be  rutile. 
The  perfectly  sound  rock  has  a  hardness  between  6  and  7  and 
a  steely  luster,  but  under  the  lens  is  seen  to  be  minutely  mot- 
tled with  white  points  corresponding  to  the  pitting  of  the 
decomposed  portions.  Occasional  patches  of  oriented  sheen 
appear  to  be  cleavage  surfaces  of  large  prismatic  crystals. 
Treated  with  hydrochloric  acid,  even  in  considerable  lumps, 
the  black  portion  of  the  rock  is  readily  and  completely  dis- 
solved, leaving  a  considerable  residue  of  white  garnet  with  a 
slight  amount  of  flocculent  silica,  ilmenite  and  rutile  (?).  Under 
the  microscope  the  rock  is  seen  to  consist  of  minute  isolated 
grains  of  garnet  embedded  in  a  much  more  abundant  ground- 
mass  of  manganese  oxide  of  uniform  steely  luster,  except  in  a 
narrow  zone  around  each  garnet  grain  where  it  is  coal  black 
and  apparently  softer.  This  black  zone  apparently  comes  from 
a  beginning  of  alteration  in  the  garnet,  though  it  may  also  be 
due  to  an  incipient  hydratation  of  the  manganese  oxide  of  the 
groundraass.  In  any  case,  the  rock  is  essentially  a  mixture 
of  a  hard  prismatic,  cleavable  manganese  oxide  with  a  manga- 
nese garnet,  both  being  primary  elements.  An  analysis  kindly 
made  by  Dr.  Florence  gave : 

Residue  insoluble  in  hvdrochloric  acid 20  78 

SiO    ' - 0-77 

Fe,0, 5-79 

NiO  +  CoO 0-30 

MnO 8-54 

MnO,    57-38 

P,0^ 008 

CaO 0-49 

MgO 0-20 

H,0 3-91 


98-24 


The  deficiency  in  this  analysis  is  perhaps  due  in  part  to  the 
presence  of  alkalies  that  were  not  determined.  The  manga- 
^lese  oxides  calculated  as  metal  and  oxygen  and  reduced  to  100 
give:  Mn.  65*06  per  cent,  O  34*94:  per  cent,  which  corresponds 
qnite  closely  with  the  composition  of  polianite  (Mn.  61*1  per 
<*nt,  0  36*9  per  cent),  and  in  view  of  the  physical  properties, 
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80  far  as  they  can  be  made  out,  it  is  probable  that  the  rock  con- 
sists essentially  of  polianite  and  spessartine  with  small  amounts 
of  some  lime  and  magnesia  silicates,  apatite  and  possibly  ilmen- 
ite,  though  a  portion  of  the  water  is  doubtless  combined  with 
the  manganese,  which  is  in  part  visibly  altered,  and  the  iron 
may  also  be,  in  part,  combined  with  the  manganese  oxide. 
The  presence  of  a  small  proportion  of  nickel  and  cobalt  is  an 
interesting  feature. 

The  clay  in  which  the  tunnel  terminates  shows  no  structural 
features  except  scattered  patches  of  soft  earthy  manganese  and 
iron  oxides  suggestive  of  segregations  of  origmal  bisilicates  in 
an  essentially  feldspathic  rock.  The  slime  obtained  by  washing 
consists  largely  of  minute  micaceous  flakes,  and  the  residue  of 
a  small  amount  of  minute  quartz  grains  with  heavier  dirty 
white  earthy  grains  that  give  a  titanium  reaction  and  are  pro- 
bably leucoxene  representing  original  ilmenite.  A  specimen 
taken  close  to  the  contact  with  the  ore  gives  also  a  small 
amount  of  well-formed  brown  tourmalines,  but  this  does  not 
appear  to  be  generally  distributed  throughout  the  clay  mass. 
From  the  above  characteristics  it  seems  almost  certain  that  this 
clay  represents  the  decomposition  product  of  an  original  mas- 
sive eruptive  rock  that  was  predominantly  feldspathic  but  with 
segregations  of  a  manganese-bearing  bisilicate  element  and  with 
ilmenite  as  the  only  accessory,  if,  as  seems  most  plausible, 
the  small  residue  of  quartz  be  regarded  as'secondary,  the  origi- 
nal rock  was  probably  a  gabbro  or  some  closely  related  type. 

At  the  point  of  the  hill  and  apparently  in  prolongation  of 
the  smaller  dike-like  outcrop  above  mentioned  as  occurring  at 
the  top,  mining  operations  had  been  commenced,  in  part  in 
loose  secondary  ore,  in  part  in  ore  m  situ.  The  latter  has  an 
impure  earthy  appearance  like  that  above  described  from  Sao 
Gongalo  and  such  as  might  be  expected  to  result  from  the 
alteration  of  the  hard  garnetiferous  ore  of  the  tunnel  and  of  the 
said  dike-like  ore  body.  The  siliceous  residue  is  understood  to 
run  from  16  to  20  per  cent  and  the  contents  in  metallic  man- 
ganese from  37  per  cent  to  45  per  cent.  A  small  pit  showed 
two  ore  bodies  of  this  type  in  situ^  each  being  about  three 
meters  thick,  and  separated  by  a  foliated  layer  of  granular 
quartz  rock  about  one  meter  thick.  This  quartzose  layer  resem- 
bles closely  the  itacolumite  of  the  Ouro  Preto  region,  but,  unlike 
it,  is  without  mica  and  gives  no  clastic  residue,  the  only  heavy 
element  being  transparent  hematite  that  evidently  comes  from 
altered  pyrite.  Underneath  the  lower  ore  body  comes  lami- 
nated clays,  in  part  graphitic,  that  are  evidently  derived  from 
decomposed  schists  but  are  too  incoherent  to  show  distinctly 
the  original  structure.  These  give  on  sliming  a  residue  of 
coarse  quartz  with  nodules  of  earthy  iron  and  manganese  oxides 
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and  a  small  amoant  of  ilmenite,  tonrmaliBe  and  rntile,  all  of 
which  have  the  appearance  of  autigenetic  elements. 

In  the  dump  a  lew  blocks  of  harder  rock  of  various  types 
were  found  which  from  their  rarity  and  evident  sporadic  mode 
of  occurrence  may  be  presumed  to  represent  segregated  masses 
in  the  midst  of  the  predominant  type  of  earthy  ore.  One  of 
these  is  a  quartz-garnet  rock  like  that  already  described  from 
Piquiry  but  without  traces  of  a  bisilicate  element  and  with  the 
quartz  mosaic  in  comparatively  large  grains  that  suggest  a 
doubt  as  to  whether  this  mineral  is  a  secondary  or  primary  ele- 
ment. Another  highly  qnartzose  type  has  as  a  bisilicate  ele- 
ment an  altered  mica  and  has,  as  an  accessory,  yellowish  isotropic 
grains  that  could  not  be  determined  but  that  give  a  decided 
titanium  reaction.  Still  another  type  is  a  garnet-am phibole 
rock  with  rare  grains  of  secondary  (?)  quartz  and  with  the  gar- 
net full  of  delicate  rod-like  inclusions  that  appear  to  be  acicular 
amphibole.  With  the  exception  of  the  mica-bearing  rock  all 
of  these  types  are  identical  with*  those  found  at  Piquiry,  though 
DO  case  of  the  formation  of  the  secondary  asbestus  was 
observed. 

At   the  Agua  Limpa  locality  prospecting  operations  have 
revealed  an  extensive  ore  body  which  at  the  surface  is  com- 
posed mainly  of  secondary  oxide  but  with  a  suflScient  admix- 
ture of  garnet  to  show  that  this  body  is  also  essentially  a  mass 
of  garnet-bearing  rock.     A  small  pit  shows  underneath  the  ore 
a  layer  of  about  20  centimeters  thickness  of  graphitic  earth 
with  patches  and  streaks  of  white  clay  and  resting  on  a  mass 
of  yellow  clay  enclosing  graphitic  patches.     The  graphitic  earth 
gives  much  ilmenite  but  no  other  recognizable  heavy  residue, 
while  the  white  streaks  and  patches  in  it  give  much  quartz 
with  a  heavy  residue  of  magnetite  and  malacolized  zircon  indi- 
cating that  they  probably  represent  apophyses  of  the  neighbor- 
ing granite.     The  yellow  clay  is  massive  with  small  patches  of 
earthy  iron  and   manganese  oxides,   thus  resembling  closely, 
except  in  color,  the  clay  of  the  tunnel  at  Morro  da  Mina  and 
like  that  giving  a  residue  of  fine  quartz  with  ilmenite  partially 
altered  to  leucoxene. 

In  the  bed  of  a  small  stream  a  few  meters  from  this  pit  is 
an  outcrop  of  perfectly  sound  amphibole  schist  consisting  prin- 
cipally of  two  types  of  amphibole  (actinolite  and  cummington- 
^lite  ?)  in  a  fine  mosaic  of  quartz  and  feldspar  with  sphene  and 
a  garnet  giving  a  manganese  reaction  as  tolerably  abundant 
accessories.  The  heavy  residue  shows  a  small  amount  of 
ilmenite  and  amongst  the  smaller  garnets  yellowish  crystals  of 
ideal  perfection  of  form.  This  rock  has  every  appearance  of  a 
rccrystallized  sheared  eruptive,  and  if  so  was  probably  originally 
of  dioritic  or  gabbroitic  type  but  containing  manganese  garnet 
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or,  perhaps  more  probably,  a  manganese-bearing  silicate  that 
has  given  rise  to  the  garnet  in  the  process  of  metamorphisin. 
Such  a  type,  if  unsheared  and  decomposed,  would  give  rise  to  a 
clay  very  like  that  found  in  the  immediate  vicinity  in  the 
above  mentioned  pit,  and  the  hypothesis  may  be  ventured  that 
the  two  represent  sheared  and  unsheared  portions  of  the  same 
rock  mass. 

On  the  opposite  side  of  the  hill  and  a  few  scores  of  meters 
to  one  side  of  the  ore  belt  pits  had  been  opened  in  partially 
decomposed  granite  with  stringers  from  a  few  millimeters  up  to 
about  a  meter  in  width  of  graphite,  which  though  somewhat 
mixed  with  clayey  matter  appears  to  be  of  good  quality. 

At  the  Barroso  locality,  wnich,  as  already  remarked,  appears 
to  mark  a  third  ore  belt  intermediate  between  that  of  Piquiry- 
Sao  Gongalo  on  one  side  and  that  of  Morro  da  Mina-Agua 
Limpa  on  the  other,  two  openings  have  been  made  several  hun- 
dred meters  apart  and  apparently  on  independent  ore  bodies. 
One  exposes  a  layer  about  two  meters  thick  and  with  an  incli- 
nation of  about  45°  between  walls  of  decomposed  schist  threaded 
with  stringers  of  granite.  The  ore  presents  for  the  most  part 
the  aspect  of  the  earthy  material  at  Sao  Gonjalo  and  like  that 
gives  a  residue  of  microscopic  garnet  but  with  a  greater 
amount  of  quartz  and  of  clayey  matter.  In  places  it  passes  to 
a  granular  quartz  rock  thickly  sprinkled  with  macroscopic  gar- 
nets. The  enclosing  schist  presents  an  appearance  suggestive 
of  an  original  amphibolite  and  gives  a  residue  of  ilmenite  only, 
and  apparently  represents  a  sheared  eruptive  of  non-granitic 
character.  In  the  other  and  more  important  opening  the  ore 
body  is  4  to  6  meters  thick,  inclined  at  an  angle  of  about  80° 
between  walls  of  decomposed  schist  without  granite.  The  ore, 
which  is  of  the  same  general  character  as  that  of  the  first  open- 
ing, though  of  better  appearance  is  quite  impure,  giving,  accord- 
ing to  Mr.  Scott's  analysis  of  an  average  sample,  28*10  per  cent 
of  metallic  manganese,  600  per  cent  of  iron,  15*80  per  cent  of 
siliceous  residue  and  7*20  per  cent  of  graphite.  Much  of  the 
ore  has  the  aspect  of  a  decomposed  graphitic  clay  slate  charged 
with  secondary  manganese  oxide,  but  one  of  my  samples, 
too  friable  for  a  microscopic  preparation,  resembles,  both  in 
aspect  and  in  its  residue,  the  garnet-quartz  rock  with  mica 
from  Morro  da  Mina  and  like  that  has  no  graphite.  Another 
specimen  showing  considerable  well-crystallized  graphite  with 
ilmenite  has  the  garnet  enclosed  in  an  earthy  siliceous  matrix 
apparently  of  secondary  quartz  stained  with  iron  but  not  with 
manganese  (except  in  the  portions  where  the  garnet  is  also 
decomposed),  and  this  appears  to  represent  an  original  rock 
composed  of  garnet  with  some  iron-bearing  silicate.  The 
decomposed  schist  of  the  walls  of  this  ore  body  is  still   quite 
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resistant  and  differs  somewhat  in  aspect  from  that  of  the  first 
opening  but  like  that  skives  only  a  residue  of  ihnenite  and  appears 
to  have  been  an  amphibole  schist. 

Some  60  to  60  kilometers  to  the  southward  of  Queluz  and  in 
the  municipal  district  of  Barbacena   is   another   ore   district 
which  I  have  not  had  an  opportunity  of  visiting  but  from 
which   specimens   from   various   points   have   come  to  hand. 
These  represent  an  extension  of  about  30  kilometers  as  meas- 
ured by  the  railroad  line  between  the  stations  of  Ressaquinha 
on  the  north  and  Sitio  on  the  south.     The  region,  like  that 
about  Queluz,  is  characterized   by  gneissic  rocks  abundantly 
injected  with  granite.     The  ores  are  of  two  types,  of  whicn 
one,  corresponding  to  that  of  the  Queluz  district,  consists  of  a 
garnetiferous   rocK   impregnated    with    secondary    manganese 
oxide  evidently  derived  from  the  garnet.     One  specimen  is 
heavily  charged  with  well-crystallized  graphite  and  gives  in 
the  residue  a  white  amphibole,  neither  of  which  minerals  have 
been  noticed  in  the  other  specimens.     The  second  type  is  a 
manganiferous  magnetite  of  which  a  specimen  from  near  the 
station  of  Ressaquina  was  analyzed  by  Mr.  Scott,  who  found 
11'60  per  cent  of  metallic  manganese  with  40*08  per  cent  of 
metallic  iron.     The  other  specimen  at  hand  seems  to  be  some- 
what richer  in  manganese  blit  is  still  essentially  an  iron-man- 
^nese  ore.     The  appearance  of  this  ores  is  that  of  an  ordinary 
finely  granular  magnetite  charged  with  pulverulent  secondary 
manganese  oxide.     The  origin  of  this  oxide  is  readily  found  by 
dissolving   the  metallic  oxide  with  hydrochloric  acid,  which 
leaves  a  more  or  less  abundant  residue  of  rather  coarse  and 
highly  corroded  spessartine  often  reduced  by  superficial  etch- 
ing to  irregular  hook-shaped  fragments.     The  original    type 
was  therefore  a  magnetite-spessartine  rock   from    which    tlie 
silica  and  alumina  of  the  garnet  has  been  almost  completely 
removed  by  leaching,  leaving  a  residue  of  manganese  oxide. 
From  anotner  ore   district   near   Paranagud   in   the   state   of 
Parand  a  specimen  of  identical  appearance  giving  about  12  per 
cent  of  metallic  manganese  is  at  hand,  which  appears  to  repre- 
sent the  same  type  from  which  the  original  garnet  has  entirely 
disappeared.      This   conclusion    is  confirmed   by   a   specimen 
received  later  from  the  state  of  Santa  Catherina,  but  in  the  pro- 
longation of  the  Parana  ore  district,  in  which,  as  in  the  Barba- 
cena ore,  a  remnant  of  corroded  spessartine  is  still  preserved. 
In  this  costal  ore  district,  extending  from  southern  Sao  Paulo 
to  Santa  Catherina  and  embracing  the  Jacupiranga  deposits 
described  by  me  some  years  ago  in  this  Journal  (April  1891), 
titaniferons  magnetites  are  very  abundant  and  characteristic,  but 
their  relations  to  these  rarer  manganese-magnetite  ores  are  not 
knowB. 
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It  results  from  the  above  observations  that  the  ore  bodies  of 
the  Qneluz  district  areresidaal  deposits  derived  through  decom- 
position and  leaching  from  an  original  type,  or  types,  of  rock 
in  wiiich  manganese  garnet  was  the  most  constant  and  charac- 
teristic silicate  element.  With  this,  which  often  constituted 
almost  the  entire  bulk  of  the  rock,  were  associated  minerals  of 
the  amphibole  (and  perhaps  pyroxene)  or  mica  series,  and  in 
some  phases  free  manganese  oxide  that  when  in  predominant 
proportions  gave  a  type  corresponding  to  that  of  the  free  iron 
oxide  (magnetite)  and  manganese  garnet  rock  of  the  Barbacena 
district,  or,  in  more  general  terms,  to  the  well  known  types  of 
magnetic  or  titaniferous  iron  oxides  with  various  sih'cates. 
The  occurrence  of  garnetiferous  quartzites  appears  to  indicate 
that  in  some  cases  quartz  may  also  have  been  a  primary  consti- 
tuent, though  for  the  most  part  it  seems  to  have  been  of  second- 
ary origin.  As  accessory  elements,  ihnenite  and  rutile  are 
of  frequent  though  not  of  constant  occurrence,  while  apatite, 
though  positively  recognized  in  two  specimens  only,  appears 
to  have  been  constant  since  a  small  proportion  of  phosphorus  has 
been  found  in  all  analyses  in  which  it  was  looked  for.  A 
remarkable  feature,  considering  the  highly  basic  character 
above  deduced  for  this  type,  is  the  absence,  except  sporadi- 
cally as  ilmenite,  of  free  iron  oxide  and  the  low  proportion  of 
combined  iron  as  shown  by  the  analyses  of  the  residual  ores  in 
which  a  concentration  of  this  element  is  presumable.  The 
Barbacena  ore,  however,  shows  that,  exceptionally,  free  iron 
oxide  may  occur  and  even  rise  to  a  predominant  proportion. 
Another  remarkable  feature  is  the  tolerably  constant,  though 
sporadic,  appearance  of  graphite,  though  as  will  be  shown 
below  this  is  probably  an  introduced  element. 

This  type,  which  may  appropriately  be  denominated  quelvzite, 
is  more  or  less  intimately  associated  at  Sao  Gongalo,  Morro  da 
Mina  and  Barroso  with  decomposed  schistose  rocks  that  evi- 
dently contained  an  original  manganese-bearing  silicate  and 
which  from  the  absence  of  recognizable  clastic  elements  and 
from  other  characteristics,  so  far  as  they  can  be  made  out,  is 
presumed  to  have  been  an  amphibolic  schist  representing  a 
sheared  basic  eruptive.  At  Agua  Limpa  a  confirmation  of  this 
deduction  is  afforded  through  the  presence  in  almost  immedi- 
ate contact  with  the  ore  body  of  a  feldspathic  amphibole  schist 
containing  manganese  garnet,  which  is  almost  certainly  a 
sheared  eruptive  and,  although  its  original  character  cannot 
he  positively  determined,  probably  of  dioritic,  gabbroitic  or 
noritic  character.  At  Morro  da  Mina,  Sao  Gongalo  and  Agua 
Limpa  there  is  also  in  close  connection  with  the  ore  an 
unsheared  eruptive  (represented  by  manganese-bearing  clays) 
which  in  its  original  condition  must  have  been  of  very  similar 
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if  not  identical  type.  In  the  Agua  Limpa  schist,  moreover, 
the  manganese-bearing  element  is  spessartine  as  in  the  ore 
bodies,  thus  giving  greater  plausibility  to  the  hypothesis  that 
the  relation  between  these  last  and  the  above  mentioned  rocks 
may  be  a  genetic  one.  If  thus  related,  the  ore  bodies  present 
strong  analogies  with  those  of  magnetic,  titaniferous  and 
chromic  iron  ores  that  are  now  generally  considered  as  mag- 
matic  segregations  in  various  types  of  eruptive,  and,  all  things 
considered,  this  hypothesis  seems  the  mo^t  plausible  one  for 
the  manganese  ores  here  discussed.  The  fact  that  though 
carefully  looked  for,  no  rock  types  that  could  be  positively,  or 
even  presumably,  identified  as  clastic  could  be  found  near  the 
ore  bodies,  makes  the  alternative  hypothesis  of  a  clastic  origin 
a  difficult  one  to  apply.  The  occurrence  of  distinct  traces  of 
nickel  and  cobalt  in  the  unaltered  ore  of  the  Morro  da  Mina 
tunnel  may  perhaps  be  also  an  argument  for  an  eruptive  origin, 
though  too  much  stress  cannot,  without  farther  study,  be  laid 
upon  it,  since  Mr.  Scott  reports  these  elements  under  totally 
different  conditions  near  Miguel  Burnier  in  a  small  patch  of 
secondary  manganese  oxide  that  is  undoubtedly  a  secretionary 
deposit  in  a  decomposed  clastic  schist. 

Through  the  kindness  of  Dr.  Francisco  da  Paula  Oliveira, 
director  of  the  geological  section  in  the  National   Museum  of 
Kio  de  Janeiro,  I  have  had  the  opportunity  of  examining  a 
specimen  from  a  manganese  ore  body  enclosed  in  granite  near 
Qneimados,  in  the  interior  of  the  state  of  Bahia,  that  represents 
another  interesting  phase  of  this  rock  type.     The  rock  is  per- 
fectly fresh,  showing  about  equal   proportions  of  large-sized 
garnets  and  of  pyroxene  with  a  diallage-like  cleavage.      The 
garnets,  which  attain  a  size  of  five  millimeters  or  more,  are  of  a 
light  yellow  color,  becoming  perfectly  white  in  thin  sections, 
and  give  a  strong  manganese  reaction.     The  pyroxene,  when 
free  from  staining  by  manganese  oxide,  is  colorless  and  glassy 
and  gives  an  extremely  abundant  reaction  for  manganese,  which 
is  evidently  much  more  abundant  than  iron.     Aside  from  a 
colorless  glassy  amphibole  intergrown  with  the  pyroxene,  no 
other  constituents  could  be  recognized  and  the  rock  is  essen- 
tially composed  of  manganese-garnet  and  manganese-pyroxene. 
From  such  a  rock  through  the  replacement  of  the  easily  decom- 
posable pyroxene  by  secondary  quartz  the  type  of  quartz-garnet 
rock  of  Piquiry  and  Morro  da  Mina  might  be  produced.*   With 

*  This  type  might,  however,  be  expected  to  leave  some  trace  of  its  hme  and  mag- 
nesia in  the  form  of  secondary  asbestus,  and  in  this  case  the  most  probable  repre- 
sentative is  the  quartz-garnet  rock  with  asbestus,  while  the  similar  rock  witljout 
the  latter  mineral  may  be  suspected  to  have  come  from  an  original  type  in  which 
^ebisilicate  element  was  perhaps  rhodonite,  a  mineral  that  has  been  looked  for 
in  Tain  although  it  aeems  natural  that  it  should  occur  in  such  an  association  of 
n^Wigwieae-bearing  rocks. 
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it  is  associated  a  quartz  rock  with  large  well-formed  garnets 
but  this  has  the  aspect  of  vein  material. 

From  an  unknown  locality  in  the  state  of  Espirito  Santo  a 
specimen  is  also  at  hand  showing  secondary  manganese  oxide 
with  garnet  and  well  crystallized  graphite.  The  ore  that  is 
being  exported  from  Nazareth  in  tne  state  of  Bahia  is,  judg- 
ing from  a  specimen  receivred  from  the  gentleman  above  men- 
tioned, of  the  same  type  as  that  described  from  the  tunnel  at 
the  Morro  da  Mina.  Tne  polianite  (?)  is  coarsely  crystalline 
and  strongly  predominant  in  quantity  over  the  garnet,  which  i6 
in  great  part  replaced  by  pseudomorphic  skeletons  of  secondary 
silica.  This  specimen  contains  no  graphite,  but  I  am  informed 
that  a  considerable  proportion  of  the  Nazareth  ore  is  graphitic. 

The  almost  constant  occurrence  of  graphite  with  these  man- 
ganese-bearing rocks  is  very  suggestive  of  a  genetic  relation,  as 
is  also  the  converse  association  noted  by  Weinschenk  in  the 
graphite  deposits  of  Bavaria  and  Bohemia.  It  is  not,  however, 
uniformly  distributed  throughout  the  ore  bodies,  as  might  be 
expected  if  the  relation  was  a  necessary  one,  and,  moreover  it 
occurs  also  quite  independent  of  the  manganese-bearing  rocks 
as  in  the  granite  at  Agua  Limpa  and  in  a  decomposed  schist  a 
kilometer  or  more  distant  from  Silo  Gon§alo.  In  the  former 
case  the  graphite  appears  in  both  the  granite  and  manganese- 
bearing  rock  but  in  greater  force  and  purity  in  the  former.  In 
the  latter  the  graphite-bearing  rock  has  no  manganese  ores  in 
the  immediate  vicinity  and  the  garnets  with  which  it  is  abund- 
antly charged  give  no  trace  of  that  metal.  This  schist  is  also 
heavily  charged  with  iron  in  the  form  of  a  fine  hematite  dust 
and  it  may  be  presumed  to  have  been  originally  a  garnet-am- 
phibole  schist,  or  perhaps  an  eclogite.  This  is  not  the  place 
to  discuss  the  probable  origin  of  the  graphite,  but  it  may  be 
remarked  that  the  hypothesis  of  a  gaseous  introduction  pro- 
pounded by  Weinschenk  for  the  Bavarian  and  Bohemian 
occurrences  seems  to  me  to  best  meet  the  conditions  observed 
in  this  district.  Whatever  may  be  its  mode  of  origin  and 
admitting  a  doubt  as  to  a  necessary  connection  between  graphite 
and  manganese-bearing  rocks,  it  is  worthy  of  note  that  the  two 
elements  carbon  and  manganese  certainly  show  a  predilection 
for  each  other's  society. 

S&o  Paulo,  Brazil. 
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Art.  III. — :0n  tlie  Bituminous  Deposits  situated  at  the  South 
and  East  of  Cdrd^nas^  Cuba  ;  by  Herbert  E.  Peckham. 

It  is  a  well  known  fact  that  diflFerent  forms  of  bitumen 
exist  upon  the  Island  of  Cuba.     Mention  has  been  made  of 
their  occnrrencc  by  several   writers  as  long  ago  as  the  begin- 
ning of  the  19th  century.     In  1803,  Alexander  von  Humboldt 
visited  the  island  and  remained  some  two  years,  during  which 
time  he  studied  the  geology  of  the  country  around  Havana  and 
to  the  eastward  towards  Matdnzas.    In  1837,  we  find  Eichard 
C.  Taylor,  the  noted  geologist,  making  an  investigation  of  a 
so-called  coal  field  at  Guanabacoa,  six  miles  east  of  Havana, 
and  a  short  report  on  the  same.     The  same  author  also  men- 
tions the  occurrence  of  springs  of  liquid   bitumen   upon  the 
shores  of  Havana  Harbor,  and  also  the  fact  that  the  chapapote 
or  maltha  was  used  by  the  inhabitants  for  pitching  the  bottoms 
of  ships.     These  two  references  show  that  bitumen  in  Cuba 
lias  been  observed  by  travelers  for  over  one  hundred  years. 
The  native  population  really  know  more  than  any  one  about 
the  location  of  these  outcrops,  as  is  ([uickly  seen  when  a  pros- 
pector makes  inquiries.     While  the  Spanish  Government  held 
control  of  Cuba  there  was  very  little  incentive  for  any  one, 
foreigner  or  native,  to  investigate  the  mineral  resources  of  the 
island,  because  of  the  exorbitant  royalties  made  payable  to  the 
Crown ;  consequentl}^  it  is  a  question  whether  any  one  pos- 
sesses accurate  knowledge  upon  the  extent  to  which  bitumen 
occurs.    However,  I  think  enough  has  been  done  to  show,  that 
there  can   be  no  doubt  that  valuable  deposits  probably  exist 
over  a  very  wide  area. 

Before  the  outbreak  of  the  Spanish- American  war  many 
scientific  travelers  had  visited  the  island,  making  observations 
covering  a  much  larger  area  than  that  mentioned  by  the  earlier 
writers.  From  the  reports  of  these  travelers,  especially 
Americans  and  Englishmen,  we  notice  that,  so  far,  the  greater 
number  of  these  occurrences  have  been  observed  in  Matanzas 
and  Santa  Clara  provinces.  These  are  so  situated  geograph- 
ically that  we  find  solid  bitumen  extending  along  the  northern 
coast  from  Havana  eastward  as  far  as  Cardenas.  Inland  to  the 
south  of  Cdrdenas  and  eastward  the  bitumen  is  more  fluid  until 
atMotembo  we  find  a  well  producing  colorless  naphtha;  while 
^rill  farther  east  in  the  vicinity  of  Sagua  la  Grande  more 
<lcnse  material  reaches  the  surface.  Still  farther  south  and 
^t,  at  Santa  Clara  City  and  in  the  hills  beyond,  extensive 
deposits  of  solid  asphaltum  again  appear.  Roughly  estimated, 
^ne  tract  of  country  exhibitmg   surface   indications   of   fluid 
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bitumenB  of  varying  density,  and  yielding  in  a  few  instaiicee 
Btill  more  fluid  bitnniens  from  wells,  covers  an  area  150  miles 
long  and  30  wide.  Moteinbo,  witli  its  naphtiia  well,  is  near  the 
center.  Other  wells  and  springs  in  large  immber  throughout 
this  tract  have  exhibited  petroleum  and  maltha  of  varying 
density.  It  was  my  intention  to  have  examined  the  principal 
localities  where  bitumen  occurs  throughout  this  region,  but 
the  rainy  season  with  nnusiially  heavy  rains  came  on  four 
weeks  earlier  than  usual,  rendering  the  portions  of  the  country 
beyond  the  reach  of  railroads  inaccessible.     I,  however,  had 
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C.VHDE.VAS  ASD  \'i(;ixiTI  (Pcu  sketcli  by  the  author). 

the  good  fortune  to  spend  some  weeks  in  looking  up  a  few  of 
the  places  where  bitumen  oecure  in  the  vicinity  of  Cardenas, 
and  to  a  distance  of  40  miles  to  the  eastward.  The  traveling 
was  done  by  railroad  and  on  horseback  and  enabled  me  to 
study  the  immediate  surface  of  the  country.  The  city  of 
C^irdcnasls  bhilt  on  a  bay  of  the  same  name.  The  shores  are 
low  and  consequently  the  bay  is  shallow.  Both  to  east  and  west 
are  swamps  which  in  the  rainy  season  are  full  of  water. 

Directly  south  of  Cardenas,  some  eight  or  nine  miles,  is  a 
steep  ascent,  two  or  three  hundred  feet  high,  on  the  top  of 
which  is  a  plateau.  This  plateau  extends  still  farther  sooth 
to  a  higher  range,  15  miles  from  Cardenas.  The  country 
between  the  coast  and  the  plateau  first  mentioned  is  level  and 
drj',  except  a  comparatively  narrow  strip  bordering  upon  the 
ocean,  A  great  deal  of  thin  conntry  is  rough,  with  a  lime- 
stone that  interferes  with  its  cultivation,  rendering  it  of  little 
pecuniary  value,     Tliis  limestone  is  so  plentiful  that  a  great- 
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many  walls  have  been  made  of  it  to  serve  the  purpose  of 
fences.  When  in  the  ground  it  is  soft  and  easily  cut  into 
blocks  of  any  shape  for  building  purposes.  Put  up  in  the 
soft  state,  it  hardens  in  about  a  year  and  resists  the  elements 
for  a  very  long  time.  Along  with  this  limestone  are  seen  out- 
crops of  serpentine — a  greenish  mineral — soft  and  easily 
broKen.  The  surface  soil  is  a  red  clay  and  very  productive. 
Among  the  trees  the  royal  palm  predominates,  but  there  are 
also  cocoanut  trees,  bananas,  mangoes  and  others. 

Looking  at  the  accompanying  map,  we  see  this  first  range  of 
lulls  directly  south  of  Cardenas.  The  trip  to  this  range  is  best 
made  on  horseback.  Reaching  the  plateau,  it  is  found  to  be 
about  four  miles  wide,  covered  with  wild  grass  and  royal  palms. 
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Sketch  map  of  the  Alvarez  Oil  Wells;  showing  also  the  ruins  of  the  Sugar  Re- 
fiDerT(S.  R.).  Oil  Refinery  (0.  R.)  and  adjoining  Stacks  (St.) 

Distance  between  No.  I  (oil  and  water)  and  No.  2  (water).  120  meters:  between 
^'o.  2  and  No.  3  (oil,  100,000  gallons),  320  meters;  between  Xo.  3  and  No.  4, 
320 meters;  between  No.  4  and  No.  5,  150  meters. 

The  lulls  or  low  mountains  still  farther  to  the  south  are  much 
higher  than  the  first  ascent  and  covered  with  trees  to  within  a 
short  distance  of  the  top.  To  the  right  spreads  an  open 
country  formerly  cultivated  but  fast  reverting  to  a  wild  condi- 
tion. Directly  in  front  we  notice  the  ruined  smoke  stacks  of 
two  refineries.  To  the  left  is  spread  a  broad  expanse  of  this 
tableland  covered  with  a  very  peculiar  growth  of  royal  palms. 
These  trees,  because  of  some  lack  of  nourishment  or  deleteri- 
ons  substance  in  the  soil,  have  been  so  stunted  that  they  are  of 
all  heights,  from  a  mere  tuft  of  leaves  sticking  out  of  the  ground 
to  fifty  or  sixty  feet;  average  height  ten  to  twenty  feet.  This 
pwuliar  growth  is  indicated  on  the  map  by  the  dotted  area. 
"  is  about  five  or  six  miles  long  and  two  broad. 

Fignre2  gives  a  larger  plan  of  the  refineries  just  mentioned. 
These  were  owned  and  operated  by  a  man  named  Alvarez,  and 
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bis  associates.  It  is  about  five  years  since  anything  was  done 
bere.  At  the  first  Alvarez  had  only  his  boase  and  tlio  sugar 
mill.  While  digging  a  well  for  water  (No.  1  on  the  map) 
they  went. down  78  feet,  obtaining  a  water  that  was  worthless 
because  of  a  black  thick  oil  fonnd  with  it.  This  being  unfit 
for  drinking  purposes,  another  well  was  dug  at  No.  2.  Water 
was  obtained  at  78  feet  with  only  a  slight  trace  of  oil.  This 
well  was  used  for  water  and  furnished  all  there  was  on  the 
premises.  The  water  in  this  well  is  now  39  feet  deep.  For 
some  years  after  this,  Alvarez  gave  the  oil  from  well  No.  1  to 
the  native  population  for  various  domestic  purposes  and  espe- 
cially for  fuel.  Then  he  with  others  conceived  the  idea  of 
drilling  a  well  for  oil  alone  and  refining  it.  An  engineer  and 
the  necessary  machinery  were  procured  and  well  No.  3  drilled. 
A  large  hole  was  put  down  about  25  feet,  inside  of  which  a 
two-inch  pipe  was  driven  down  500  feet,  when  oil  was  obtained. 
A  pump  was  then  put  in  and  100,000  gallons  extracted,  which 
was  all  the  well  would  yield.  It  was  then  decided  to  drill  this 
well  still  deeper,  but  the  drill  became  smeared  with  oil  and 
drillings  to  such  an  extent  that  the  drilling  was  stopped.  To 
obviate  this  difliculty  another  well  was  put  down  at  No.  4, 
three  feet  from  No.  3,  with  the  idea  that  when  the  same  depth 
was  reached  at  which  the  trouble  occurred,  the  sticky  stuflE 
could  be  pumped  out  through  No.  4  and  drawn  away  from  the 
drill  in  No.  3.  The  machinerv  was  attached  to  the  same 
walking-beam  as  that  which  was  drilling  No.  3,  but  when  the 
same  depth  was  reached  as  that  ot  No.  3  no  oil  was  found.- 
No.  4  was  then  abandoned  and  another  well  put  down  at  No. 
5,  150  meters  to  the  southwest  of  No.  3.  This  well  was  sunk 
to  a  depth  of  180  feet,  when  the  drill  broke  into  a  subterranean 
hole  and  the  drills  were  lost.  After  some  time  spent  in  fruit- 
less eflEort  to  recover  the  drills,  everything  was  pulled  up  and 
taken  back  to  well  No.  3,  to  sink  it  still  deeper  by  using  better 
and  improved  machinery.  An  engineer  was  engaged  from  the 
United  States  to  do  the  work,  when  one  of  the  principal 
owners  in  the  enterprise  died  and  all  operations  were  stopped. 
After  the  war  broKe  out  between  Spain  and  the  Cuban 
insurgents,  both  of  the  refineries  were  burned  and  nothing  has 
been  done  there  since.  The  foregoing  history  was  told  to  me 
by  one  Juan  P.  de  Torrontequi,  who  was  one  of  those  actively 
interested  in  all  that  was  done.  He  now  lives  in  Cdrdenas. 
It  shows  that  oil  was  found  in  two  wells,  one  of  which  yielded 
100,000  gallons,  which  were  refined  and  sold  to  the  people  in 
the  vicinity ;  also,  that  considerable  work  has  been  done  in 
drilling,  but  in  a  very  crude  way. 

At  present  the  refineries  and  house  are  in  ruins.     The  walls, 
chimneys,  and  portions  of  the  machinery  are  all  there  is  in 
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sight.  Well  No.  1  is  eight  feet  in  diameter  walled  down  to 
the  bed-rock  and  cut  out  of  the  rock  for  the  rest  of  the  dis- 
tance. There  are  the  remains  of  a  wooden  platform  inside, 
about  five  feet  down,  which  is  covered  with  dirt  and  weeds. 
Vegetation  is  very  rank  all  about  it.  Well  No.  2  is  ten  feet 
in  diameter,  and  has  a  high,  strong  stone  coping  around  the 
top.  Water  at  the  bottom  can  easily  be  seen.  Some  water 
obtained  from  this  well  showed  a  trace  of  oil  on  the  top.  At 
well  No.  3  about  three  feet  of  two  inch  cast  iron  pipe  sticking 
out  of  the  ground  is  all  that  can  be  seen.  Wells  No.  4  and  6 
have  been  filled  up  and  all  traces  obliterated.  The  sample  of 
oil  obtained  from  No.  1  is  very  black,  and  of  about  the  con- 
sistency of  thin  molasses  with  a  strong  odor. 

After  inspecting  this  property,  I  was  shown  a  natural  oil 
spring,  a  quarter  of  a  mile  distant  from  these  wells,  toward  the 
poor  land  covered  with  stunted  palms.  A  small  stream  or 
creek  runs  to  the  southeast,  from  the  banks  of  which  I  saw  oil 
oozing  at  several  points.  In  appearance  it  was  the  same  as 
that  found  in  well  No.  1.  A  Cuban  told  me  that  there  were 
several  such  places  along  this  creek  and  that  the  natural 
springs  were  plentifal  in  that  vicinity. 

Some  time  after  the  visit  to  the  Alvarez  property  another 
trip  was  made  to  Sabanilla,  about  30  miles  directly  east  of 
Cdrdenas.  What  was  formerly  the  town  of  Sabanilla  de  la 
Palma  is  now  a  mass  of  ruins,  so  I  went  to  Hato  Nuevo,  the 
next  station  to  the  east  and  37  miles  from  Cdrdenas.  The  way 
to  reach  this  place  is  indicated  on  fig.  1  accompanying  this 
report.  As  this  tract  is  the  largest  I  visited,  I  will  describe 
my  jonrney  in  detail.  My  interpreter  and  myself  arrived  in 
Hato  Nuevo  one  afternoon  about  three  o'clock.  The  next 
morning  with  two  other  men  we  set  ont  to  find  the  indications 
of  bitumen.  FoUowing  the  railroad,  we  went  west  toward 
Sabanilla  about  two  miles.  Crossing  the  railroad,  we  struck 
ont  to  the  west  in  a  zigzag  course  until,  after  riding  about  a 
mile,  we  arrived  at  a  place  where  the  ground  is  as  hard  as  a 
floor  and  black  with  bitumen.  There  was  a  hole  in  the 
middle  of  this  tract  from  whence  issues  a  soft  maltha  that  is 
very  sticky.  This  has  come  out  of  the  ground  and  fiowed  in 
all  directions,  saturating  everything.  Several  other  holes  of  a 
like  nature  were  fonnd  and  altogether  covering  nearly  half  an 
hereof  ground.  In  one  corner  of  this  tract  a  square  hole  had 
l^n  dog  and  walled  up.  During  the  late  war  this  hole  was 
fired  and  burned  for  four  months  until  a  heavy  rain  finally  put 
Jt  out.  At  present  the  ground  for  seventy  or  eighty  feet 
around  this  hole  is  covered  with  coke.  The  well  itself  is  full 
of  water  from  rains  and  upon  this  fioats  masses  of  vegetation 
*  rtnck  together  with  the  bitumen  that  comes  from  below.  A 
pole  shoved  downward  into  the  water  eight  or  nine  feet  meets 
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resistance  in  a  bed  of  soft,  yielding  material,  and  if  this  can  be 
brought  to  the  surface  it  is  seen  to  be  the  same  as  that  in  the 
neighborhood.  In  the  center  of  some  of  these  springs  were 
bubbles  as  large  as  walnuts  which,  when  broken,  quickly  col- 
lapsed with  some  noise.  Inside  of  the  bubble  was  a  small  hole 
going  down  into  the  ground,  indicating  the  possibility  that  the 
bubble  was  caused  by  gas.  Many  other  overflows  showed 
holes  but  no  bubbles.  The  consistency  of  this  material  is  like 
that  of  ordinary  coal  tar. 

From  this  place  we  took  a  path  in  a  southwesterly  direction, 
through  cane  fields  and  waste  lands,  and  after  riding  about 
three  miles  we  reached  an  abandoned  sugar  plantation  named 
Victoria.  This  place  is  a  natural  occurrence  in  a  depression 
resembling  a  crater.  The  out-crops  of  bitumen  here  are  not 
only  larger  in  area  than  at  the  first  place  visited,  but  in  quan- 
tity as  well.  There  is  also  a  hole  here  which  had  been  dug, 
and  during  the  war  it  was  tired  and  burned  for  two  months. 
A  great  deal  of  coke  could  be  seen  all  around  its  edges.  In 
at  least  two  dozen  places  among  a  tall  grass  and  low  shrubbery, 
I  saw  holes  from  which  bitumen  was  flowing  in  great  quantity. 
Around  some  of  them  were  beds  of  bitumen  several  feet  in 
diameter,  radiating  quite  uniformly  from  the  center.  The 
center  was  very  soft  and  easily  dug  out.  Upon  several  of  the 
holes,  as  at  the  other  place,  I  found  bubbles  which  burst  upon 
being  struck.  Our  Cuban  guide  said  these  holes  had  been 
known  for  many  years  and  that  some  of  them  had  been  much 
bigger  than  they  are  now.  One  of  them  in  particular  had 
caused  the  death  of  many  cattle,  which  had  fallen  into  it,  and 
being  unable  to  get  out,  had  perished.  The  guide  said  the 
natives  had  been  years  trying  to  render  this  hole  harmless  to 
cattle  by  filling  it  with  stones.  It  was  then  nearly  full.  All 
of  the  holes  1  saw  covered,  I  should  say,  about  two  acres. 
Still  farther  to  the  west  the  guide  pointed  out  a  clump  of 
palms,  and  said  there  were  more  holes  under  them.  I  did  not 
go  there.     They  were  a  mile  and  a  half  distant. 

From  here  we  struck  out  to  the  west,  and  a  little  south 
towards  the  railroad,  to  the  ruins  of  Sabanilla  de  la  Palma. 
The  country  through  here  is  level  and  covered  with  a  grass 
eighteen  inches  high.  As  we  passed  through  here  we  saw 
several  other  depressions  filled  with  water,  and  holes  from 
which  this  same  black,  sticky  stuff  was  flowing.  Around  the 
surface  of  some  of  these  lagoons  we  observed  bubbles  con- 
stantly rising,  indicating  the  presence  of  gas.  One  of  these 
isolated  holes  is  within  one  hundred  feet  of  the  railroad  and 
shows  considerable  activity.  On  the  south  side  of  the  track  is 
another  hole  in  the  bottom  of  an  excavation  about  twenty-five 
feet  long,  twenty  feet  wide,  and  six  feet  deep.  This  had  been  on 
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fire  and  burned  for  one  month.    Coke  could  be  seen  all  about  it, 
as  at  the  other  places.     After  a  mere  glance  at  this  place,  we 
took  a  path  which  led  around  the  western  end  of  the  range  of 
hills   on    the   south   side   of  the   railroad,   and  after   passing 
through  a  country  overgrown  with  high  grass  and  rank  trop- 
ical vegetation,  on  what  used  to  be  a  sugar  plantation,  we  came 
out  at  another  natural  spring  on  a  plantation  near  Santa  Cata- 
lina,  as  indicated  upon  the  map.     Here  is  a  natural  spring  and 
beside  it  a  round  hole  ten  feet  in  diameter,  which  was  full  of 
water.     The  guide  said  that  this  hole  was  almost  bottomless 
and  that  the  material  had  been  used  for  repairing  the  build- 
ings on  the  plantation  half  a  mile  distant.     A  fifteen-foot  pole 
was  shoved  down  into  the  water.     At  ten  feet  it  struck  the 
soft  mass   on   the   bottom.     I  shoved   the  pole  still  farther 
downward  until  there  was  scarcely  a  foot  of  the  pole  left  in 
my  hand,   but  no  solid  bottom  was  reached.     This  was  the 
largest  artificial  well  I  saw  and  helped  to  prove  to  me  that  the 
evidences  show  this  material  to  be  well-nigh   inexhaustible. 
From  here  we  made  our  way  back  to  Hato  Nuevo  as  quickly 
as  possible,  and  the  next  morning  went  back  to  Cdrdenas. 

The  country  where  these  evidences  occur  is  very  peculiar. 
The  railroad  from  Recreo  to  Hato  Nuevo  passes  through  what 
i^esembles  a  river  bottom.  On  the  left  are  low  hills  in  scat- 
tered clumps  or  standing  quite  alone.  On  the  right  the  land 
is  level  until  we  reach  the  turn  in  the  railroad  at  Sabanilla. 
Here  a  ridge  commences  and  thence  forward  there  are  hills  on 
both  sides  of  the  railroad  to  Hato  Nuevo  and  beyond.  This 
forms  a  plain  between  two  ranges  of  hills.  This  plain  is  cov- 
ered with  the  same  kind  of  vegetation  as  that  on  the  table- 
laud  south  of  Cardenas. 

As  the  occurrences  at  Victoria  are  found  on  the  north  side 
of  these  hills,  I  am  inclined  to  believe  there  are  other  bitu- 
minous hills  between  them  and  the  coast.  This  embraces  a  ter- 
ritory of  many  square  miles  in  extent. 

I  had  very  much  wished  to  visit  the  celebrated  naphtha  well 
at  Motembo,  but  the  Rio  de  la  Palma  was  so  high  as  to  be 
unfordable.  1  was  told  that  the  owner  had  done  some  drilling 
there  in  a  very  crude  way  and  that  the  product  was  singularly 
pi^re.  He  used  it  like  gasolene  for  heating  and  lighting  his 
house.  I  have  no  personal  knowledge  of  this  place.  The 
Daphtha  from  this  well  has  been  gathered  and  distributed  so 
widely  as  to  be  well  known.  It  is  of  the  specific  gravity  of 
ordinary  benzine,  and  is  absolutely  colorless.  A  short  descrip- 
tion of  the  well  and  the  locality  surrounding  it  is  to  be  found 
in  the  Mineral  Resources  of  the  United  States  for  1898  and 
^^'  There  is  no  question  that  this  locality,  as  has  been  before 
stated,  lying  midway  between  two  areas  producing  petroleum 
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and  maltha,  with  soh'd  asphaltiim  marking  extremes  still 
further  removed  from  the  center  on  eitlier  side,  represents  an 
unusual  showing  of  bituminous  deposits. 

I  was  also  told  of  another  oil  and  water  spring  at  San  Miguel 
near  Coliseo,  twenty  one  miles  south  of  Cdrdenas.  As  this 
spring  was  so  full  of  water  as  to  render  it  impossible  to  obtain 
any  of  the  oil,  I  did  not  attempt  to  visit  the  place.  A  Cuban 
in  Cardenas  w^ho  was  familiar  with  the  locality  told  me  that 
the  oil  flows  out  of  this  spring  into  the  water  in  such  quantity 
as  to  cause  cattle  to  refuse  to  drink  the  water. 

It  has  been  known  for  many  years  that  solid  asphaltum 
exists  in  the  bottom  of  Cdrdenas  Bay.  I  was  given  a  piece  by 
a  man  in  Cardenas  who  said  he  had  been  mining  it  for  many 
years  and  sold  it  in  New  York  for  from  forty  to  seventy  dol- 
lars a  ton.     It  appears  to  be  a  very  fine  quality. 

The  occurrence  of  yellow  fever  at  Santa  Clara  City  pre- 
vented me  from  visiting  that  locality,  but  I  was  told  there  are 
large  deposits  of  bitumen  there.  A  sample  of  oil  from  a 
spring  in  this  neighborhood  called  the  "  Sandal-wood  Spring  " 
was  examined  by  Mr.  H.  N.  Stokes  in  July,  1890,  in  the  labo- 
ratory of  the  United  States  Geological  Survey,  in  Washington, 
D.  C.  This  examination  was  quite  elaborate,  and  determined 
that  the  oil  was  closely  allied  to  Russian  oil.  This  gives  the 
oil  a  value  which,  while  it  is  a  little  inferior  to  the  best  Penn- 
sylvania oils,  is  ranking  among  the  best  petroleums  of  the 
world,  and  particularly  available  for  the  preparation  of  lubri- 
cating oils. 

Although  I  was  unable  to  ascertain  by  pei*sonal  examination 
the  presence  of  liquid  bitumens  in  the  neighborhood  of  Sagua 
la  Grande,  I  was  assured  by  one  whom  I  have  every  reason  to 
believe,  that  there  are  very  extensive  deposits  in  the  neighbor- 
hood of  this  town  and  extending  eastward  to  Caibarien.  This 
territory  is  fully  if  not  quite  as  large  as  the  one  at  Hato 
Nuevo. 

From  all  of  the  information  herein  recited,  obtained  from 
varying  and  reliable  sources,  the  following  conclusions  may  be 
drawn  : 

That  very  extensive  deposits  of  solid  asphaltum  exist  near 
the  north  coast  of  Cuba.     That  springs  and  wells  give  indica- 
tions of  the  existence  of  liquid  bitumens  of  varying  density, 
beneath  the  surface,  over  an  area  of  some  4500  square  miles. 
That  the  place  in  the  modern   geological  series  to  which  th^ 
formations  in   which  the  bitumens  occur  has  not  been  deter — 
mined,  a  fact  of  little  ])ractical  importance,  but  the  occurrenc^^ 
of  fluid  bitumens  associated    with  serpentine  has  been  befor 
observed  both  in  southern  France  and  in  California.     The  oi 
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which  has  been  obtained  resembles  the  oils  of  Kassia,  hence 
may  be  easily  manufactured  into  commercial  articles. 

Remarks  on  the  Same 
By  S.  F.  Peckham.. 

Having  carefully  read  this  paper  upon  the  Bituminous 
Deposits  of  Cuba,  and  while  expressing  the  fullest  confidence 
in  what  is  said  therein,  I  am  prepared,  in  consequence  of  my 
experience  with  such  indications  in  California  and  elsewhere, 
for  that  reason,  to  make  the  following  statements. 

Until  a  suflScient  amount  of  work  has  been  done. by  parties 
personally  interested  in  this  property,  to  demonstrate  beyond 
question  the  existence  upon  or  under  it  of  actual  value,  these 
surface  indications,  though  exhibited  on  a  large  scale  and  over 
a  wide  area,  are  not  in  any  manner  in  themselves  a  source  of 
prospective  wealth  but  are  rather  only  an  incentive  to  cautious 
and  verv  careful  prospective  drilling.  The  wells  that  have 
been  drilled,  while  demonstrating  that  oil  can  be  procured  by 
drilling,  have  been  very  moderate  producei's  and  extremely 
short-lived  and  are,  therefore,  quite  as  largely  indications  to 
extreme  caution  as  a  stimulus  to  even  experimental  outlay.  It 
is  doubtful  if,  in  view  of  the  enormous  production  which 
recent  developments  in  Texas  and  Indiana  promise,  there  is  at 
present  any  encouragement  for  even  experimental  drilling  in 
Cuba. 

It  has  long  been  known  that  very  extensive  deposits  of 
asphaltum  exist  in  Cuba,  but  I  have  never  seen  a  sample  that 
I  was  sure  came  from  there,  that  was  of  such  quality  as  to 
compare  well  with  varieties  upon  the  market  from  other 
localities  within  the  borders  of  the  United  States. 
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Abt.    IV.  —  MineraJ-ogkcU  A'oiee,  No.  S;    by  AusTis  F. 
KoGERS,  Fellow  in  Mineralogj,  Colambia  University. 

1.    Oalcite* 

{a)  New  T'ypesfrom  the  Upper  Mississippi  Lead  Regioi\. — 
Tlie  calcite  crystals  occurring  in  the  ore  district  of  sotilhem 
WJBCODBin  have  been  studied  by  Hobbs,t  who  diEtinftiiisheB  six 
types  of  crystals  with  13  forms.  In  the  Egleston  MineraJogi- 
cal  MiiBCuiii  of  Columbia  ITnivei-sity  are  three  types  not  men- 
tioned by  Hobbs,  including  three  forms  not  given  by  him. 

The  most  interesting  type  is  represented  by  two  singly  ter- 
minated crystals  about  20x30°""  with  a  fewer  smaller  ones, 
and  are  labelled  "Sbullsburg,  Wis."  Tiie  dominant  form  is 
the  pyramid  of  the  second  order  7  (8'8-15-3),  a  rare  form  for 
calcite  first  observed  by  voin  Rath:}:  on  Audrcasberg  crystals, 
and  later  by  Ccsaro^  as  a  dominant  form   on  crystals    from 


Ithisncs,  Belgium.  Hambcrg[  also  found  it  on  crystals  from 
Visby,  Gotland,  Sweden  ;  and  recently  Penfield  and  Ford* 
described  some  siliceous  calcites  from  Bad  Lands,  South 
Dakota,  on  which  this  pyramid  is  the  dominant  form.  Pen- 
tield  and  Ford"*  have  also  described  crystals  from  Union 
Springs,  Cayuga  Co.,  N.  Y.,  on  which  this  form  is  prominent. 
The  only  other  forms  occurring  on  the  Shullsburg  crystals 
are  the  negative  rhombohedron  e{')\l2),  faces  of  which  are 

*  Lellers  ^iren  bj  Dana  [ii  Ctli  Kdiliaa  Sjstem  arc  used  for  such  forms  as  are 
mentioned  Ihereio.  GoWschniiiiL's  letters  are  used  for  tlie  other  forma.  The 
letters  for  new  forms  arc  choseu  iu  accordance  with  Golrisclimidt's  table  oo  p. 
141  at  vol.  i  of  liin  "  Inde.i  der  Krvstallformen  der  Mioeralien.'' 

t  Hoblia.  Zeltstbr.  f.  Krvst.,  xxV,  2JS-261,  1895:  also  Bull.  fniv.  Wis,  &n. 
Series,  i,  114^121,  18S5. 

X  Tom  Rath,  Pong.  Ann.,  ciiiii.  B31.  1867. 

i  Cesaro.  Meoi.  I'Acad.  tttiv,  de  BelRique,  ixiviii.  8-14.  1886. 

S  llamberu,  Geot.  Foren.  yUrhaDiil..  xvi,  709-710,  1894. 

■~  Penflcld  and  Ford,  this  Joiiroal,  ii,  3G'i-3i>4,  1900. 

••  Penfield  and  Ford,  lliis  Journal,  1,  237,  1900. 
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striated  parallel  to  their  shorter  diagonal,  and  a  narrow  unde- 
termined negative  scalenohedron  beveling  the  alternate  polar 
edge  of  7.     Figure  1  represents  a  crystal  of  this  type. 

One  of  the  smaller  crystals  was  used  for  the  identilScation 
of  the  forms.  It  did  not  give  very  satisfactory  images  with 
the  reflection  goniometer,  but  the  faces  are  identified. 

Average.  Calculated. 

yAy^     8-8-16-3/xl6-§'  8-3     3  59°     O'  58°  28' 

y/v/'  8-8-16-3/v    8-8-Ig-3     5  24°  29'  24°  46' 

The  average  of  10  measurements  on  the  hand  goniometer  gave 
for  e^^e  (01l2)/s(ll02)  45°  54^  the  calculated  being  45°  3'. 

On  another  type  of  crystals  5  to  10^™  long,  the  forms  v 
(2l3l),  y  (3251),  / (0221)  and  »  (lO'O'Io-l)  occur.  Ordinarily 
V  is  the  dominant  form  as  in  figure  2,  but  at  times  y  assumes  that 
r81e,  while  on  several  corroded  crystals  v  is  apparently  absent. 
Cr^-stals  of  this  type  are  from  Mineral  Point  and  Shulls- 
burg,  Wis.,  and  Dubuque,  Iowa.  Measurements  were  made 
with  the  contact  goniometer. 

Still  another  type  occurs  at  Miflin,  Wis.  The  forms  are 
«:(8-4-I2-l),  ^(2131),  ^(0112),  r(lOli),  ??  (lO-O-lU'l).  iJ- the 
doniinant  form  is  rather  rough,  v  is  smooth,  e  is  striated  and  r 
is  very  much  corroded :  ??  is  a  very  narrow  form  truncating 
the  obtuse  polar  edges  of  Si  .  On  account  of  their  large  size 
(2^-5"")  measurements  were  made  with  the  contact  goniometer 
with  these  results  : 


Av. 

Calc. 

«: 

tJ 

t 

A  S:  ^      (8  4-I2-1)  ys  (§-12  4-1) 
A  iJ:  ^    (8-4-I2-1)  yx  (12-4-8-1) 
A  St\  ^*  (8-4-I2-1)  /s  (4-8-12-I) 
A  V^         (2131)         y^  (23ll 
A  t?^        (2131)         /s  (3l2l) 

4 
6 

3 
3 

80°  52' 
38°  18' 
24°  45' 
75°  30' 
35°  40' 

81°  20' 
38°    2' 
24°  21' 
75°  22' 
35°  30' 

%  Caldte  with  a  new  form  from  Colorado. — Some  calcite 
crystals  from  Seguache  Co.,  Colorado,  obtained  from  Geo.  L. 
English  &  Co.,  are  diflFerent  in  habit  from  any  described  from 
^his  country  (figure  3).  The  forms  observed  are  */c:,  (49-41-rH>8), 
U  i  (24-8-3§-7),  T  (1011),  m  (40J1),  e  (0112),  c  (0001).  k\,  new 
'or  calcite,  is  the  dominant  form.  The  faces  are  bright  and 
?>ve  excellent  images  except  e  and  c,  which  are  striated  or 
roughened.  These  were  identified  by  their  position,  the  for- 
*^^er  truncating  the  polar  edge  of  r.  The  following  measure- 
"^cnts  made  with  the  reflection  goniometer  identify  the  forms. 


i 

•        *"•     "    k:'     (49-41-50  8)/v(4D90-4T)8)  7 

5^:^    (49-41-95-8)a(90-41-49)8)  6 

M      (24-8  -H]-?)  A  (4041)  3 

^-    A    Ui  M24  8  •32  7)^(24-32  8-7)      3 

'*     -  M       (lOil)  >k(4041)  3 


K 


Limits. 

Average. 

Calc. 

65*  28-66* 

30' 

65'-  29' 

65°  29' 

53°  48-53' 

40' 

53"  49' 

63'  48f 

13"  30 -13' 

31' 

13'  30^' 

\r  29' 

88"  48-88* 

49' 

SS"  48^' 

88'48f 

3r     9-31' 

U' 

3V  10 

31'  lOf 
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There  is  no  doubt  as  to  the  symbol  ^ivcn  for  le:  being  t 
correct  one  though  it  is  complicated.  The  images  w< 
excellent  and  the  crystal  was  recentered  several  times.  T 
nearest  known  form  is  (6'5iri),  for  which  the  calcnlat 
angles  are  65°  36'  and  53°  40'  instead  of  65°  29'  and  53°  41 
respectively. 

{c)  New  form  an  Calcite  from  Frizington^  England, — T 
small  acicular  calcitc  crystals  from  Frizington,  Uumberlai 
England,  seem  not  to  have  been  described. 

The  forms  identified  are  as  follows:  m  (lOlO),  a(ll2 
*X  (5-5-IO-1),  V  (2131)  r  (lOll),  e  (0ll2),  and  a  ne^tive  sea 
nohedron  probably  B  (2'8'I0'3)  and  an  undetermined  dih< 
agonal  prism.  The  pyramid  of  the  second  order  Xt  ^^^  ^ 
calcite,  is  the  dominant  form.  The  following  measuremei 
were  made  with  a  No.  2  Fness  goniometer  with  diminishi 
eye-piece.  The  measurements  made  over  adjacent  polar  edi 
of  the  pyramid  show  conclusively  that  it  is  not  a  scaleno: 
dron. 

X   -    X'     (5-5T01)   ^   (10-.V;V1) 
X  '^  X""    (5'5l0l)  ^  (5-r>iO-l) 

(d)  Calcite  Crj/stals  from  Eudora^  Kansas, — In  cavities 
the  brachiopod  fossil  Eiteletes  hemiplicata^  which  occurs 
abundantly  in  limestone  at  Eudora,  Douglas  Co.,  Kansas,  \ 
found  small  colorless  calcitc  crystals. 

The  observed  forms  are  a  (5 1^4),  r  (lOll),  <?(0lT2),  Z(04-* 
M(10lO\  t  (2134),  7;i(lOlO).     a  is  ordinarily   the   domir 
form,  though  sometimes  r  is.     The  faces  are  somewhat  stri? 
and  otherwise  imperfect.     Consequently  the  measurements 
not  all  good,  but   they   serve   to  identify  the  forms  wit 
question. 


Limits. 

Av. 

Cal< 

4 
4 

59'  aa-sg"  35' 

59'  34-59'*  35' 

59*  34'    ) 
59"  34*'  C 

59"  J 

Average. 

Calc 

(T  /v  (T^    (5164)  ^  (56l4) 

2 

14°  19' 

14°  2' 

<r  rK  cr^*   (5l64)  /v  (6154) 

2 

78°     2' 

77°  5 

e   /v  I      (Oll2)  ^  (0445) 

11°  50' 

12^ 

/    /v  m    (0445)  /v  (lOlO) 

2 

51°  39' 

51®  4 

m^  M  (1010)  /s  (4041) 

2 

14°  15' 

14° 

t    ^  e      (2134)  /v  (Oll2) 

1 

21°     0' 

20° 

{f)  Calcite  Crystals  from  Kansafi  Citij^  Mo, — Dull 
calcite  crystals  from  1  to  3*^"*  in  length,  occurring  in  ali 
at  Kansas  City,  Mo.,  present  some   peculiar   features, 
are  singly  terminated  and  are  always  attached  at  the  tci 
end.     The  other  end  is  hollowed  out  and  occupied  bj 
growths.     They  would  scarcely  be  called  crystals  wer 
rough  faces  seen  to  be  definitely  related  to  tiio  cleava< 
The  forms  are  </  (05r)2)  and  n-  (5051),  rare  rhomboid 
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Average. 

Calculated. 

8  measurements 

67°  26' 

67°  30' 

6 

67°  56' 

67°  30' 

calcite.  g  consists  of  smooth  narrow  faces  trnncating  the  polar 
edges  of  nr  The  faces  of  the  latter  are  very  rongh,  channeled 
parallel  to  their  intersection  edjB^e  with  <7,  and  pitted.  The 
angle  a  ^  r  (cleavage  face)  0552  /\  lOil  was  mcasared  with 
the  following  results,  the  contact  goniometer  being  used. 

Crystal  1 
"        2 

The  form  w  was  identified  by  the  fact  that  the  g  face  trun- 
cates its  polar  edges,  as  measurements  were  not  possible  on 
account  of  the  rough  surface. 

2.     A  New  Form  on  Galena, 

Several  crystals  of  galena  associated  with  sphalerite  and 
calcite  from  an  unknown  locality  are  thought  to  be  worthy  of 
brief  mention  here.     The  forms   present  are   the   tetragonal 

4  6  6 


trisoctahedron  */»  (IS'l'l)  and  the  octahedron  ^(111).  The 
crystals  have  a  tetrahedral  aspect  due  to  the  unequal  develop- 
ment of  the  octahedral  faces  (fig.  4).  p  (13'1'1)  is  a  new  form 
tor  galena  and  is  not  mentioned  as  occurring  on  any  isometric 
niineral  in  the  6th  edition  of  Dana's  System.  It  is  striated 
parallel  to  its  intersection  edge  with  the  octahedron,  but  good 
"measurements  were  obtained,  as  the  following  table  shows. 


Pap  13-1-1 
P  A  0  13M-1 


As, 


13.i.l 
l-l-l 


4 
3 


Average. 
8°  46' 
48°  29-48°  32'       48°  30' 


Limits. 
8°  44-  8°  48' 


Calc. 

8°  46' 

48°  3U' 


3,     Pyrite  Crystals  from  Weehaioken^  N.  J, 

Occurring  in  the  calcite  veins  of  the  trap  near  Weehawken, 
^•J.,  are  found  small  crystals  of  pyrite  with  the  following 
forms  0  (111),  e  (210),  Jf  (432),  the  latter  as  narrow  faces  trun- 
^ting  the  edge  e/o.  Figure  5  gives  an  idea  of  their  habit. 
The  markings,  equilateral  triangleson  oand  isosceles  triangles  on 
*>  are  almost  identical  with  the  etch  figures,  and  like  them  indicate 
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the  symmetry  of  the  crystal.  The  diploid  is  sometimes  lack- 
ing and  occasionally  the  pyritohedron  and  octahedron  are  in 
equal  development,  tlie  crystals  then  simulating  the  regular 
icosahedron  of  geometry.  On  account  of  striations  good 
images  were  not  obtained,  and  in  the  case  of  the  diploid  the 
reflections  had  to  be  relied  upon.  The  measurements  are  as 
follows : 

Average.  Calculated. 

M  A.  O  432  >N  111      7  15°  16'  15°  13^' 

e     ^0  210^111     3  39°  14'  39°  14' 

e     >x  e   210  /s  2T0     3  53®  29'  53°     7f' 

4.     A  Topaz  Crystal  of  Unusual  Habit  from  Pike's  Peak. 

A  topaz  crystal  from  Pike's  Peak,  Col.,  measuring  (25  X  20  X 
15""")  differs  in  habit  from  most  of  the  described  crystals.  See 
figure  6.  The  forms  present  are  c  (001),  h  (010),  m  (110), 
Z  (120),/ (021),  y  (041),  and  a  small  undetermined  pyramid  of 
the  unit  series.  I  and  y  are  the  dominant  forms  and  the  crys- 
tal is  lengthened  in  the  direction  of  the  rt-axis.  m  and  /  are 
vertically  striated  and  the  other  faces  are  dull.  The  forms 
were  identified  with  the  contact  goniometer. 

5.     A  new  locality  for  Leadhilllte. 

The  rare  mineral  leadhillite  has  been  reported  from  but 
three  localities*  in  this  country.  The  writer  here  records  the 
mineral  from  a  new  locality,  namely  the  Cerro  Gordo  Mines, 
Inyo  Co.,  Cal.  It  occurs  as  small  imperfect  crystals  of  a  pale 
sea-green  tint  on  a  specimen  associated  with  linarite  and  caled- 
(mite.  The  crystals  are  short  prismatic  or  thick  tabular, 
of  hexagonal  aspect,  much  resembling  those  from  Gran  by  ,t 
Missouri.  The  following  forms  were  observed :  c  (001), 
m  (110),  a  (100),  and  a  narrow  face  in  the  vertical  zone  which 
could  not  be  identified  on  account  of  its  small  size.  The  crys- 
tals were  not  suitable  for  measurement.  There  is  perfect 
cleavage  parallel  to  c  and  the  cleavage  plates  have  a  high 
pearly  lustre.  The  mineral  is  soluble  in  HNO,  with  efferves- 
cence leaving  a  white  residue. 

0.     Linarite  Crystals  from   California, 

1^0  linarite  crystals  have  been  described  from  the  Unite 
States  though  it  is  known  to  occur  at  three  local i tics. :j:   The  crys- 

*  Newberry  Dist.,  Spartanburpj  Disc,  N.  C,  by  Shepard,  Dana  Mio.  6th  edit 
p.  92*2,    1892.     Schultz  Gold    Mine,    Arizona,   by  Penlicld,  ibid.     Granbv,  Mo. 
Pirsson  and  Wells,  this  Journal,  vol.  xlviu,  p.  219-226.  1894. 

\  Pirsson  and  Wells,  loc.  cit. 

X  Cerro  Gordo  niines,  Inyo  Co.,  Cal.,  Dana's  System,  6th  edition,  p.  92 
1892.  Stevenson  Bennett  mine,  near  Las  Cruces,  New  Mexico,  Farringto 
Publications  Field  Columbian  Museum,  Geol.  Series,  vol.  i,  no.  7,  p.  225,  190' 
Galena,  Kansas,  Rogers,  Kansas  Univ.  Quarterly,  vol.  ix  A,  p.  165,  1900. 
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tals  from  Cerro  Gordo  mines,  Inyo  Co.,  Cal.,  present  the 
following  forms:  c  (001),  a  (100),  m  (100),  t(OlO),  u  (201), 
8  (101).  The  crystals  are  very  thin,  being  flattened  parallel  to 
the  hemi-orthodome  s  (lOl)  and  are  elongated  in  the  direction 
of  the  6-axi8.  Good  measurements  were  not  obtained  on 
account  of  narrow  faces  and  multiple  images,  but  they  are 
sufficient  to  identify  the  forms  as  given  above. 

This  mineral  also  occurs  at  the  Alice  mine,  near  Butte  City, 
Mont.,  and  at  the  Daly  mine.  Park  City,  Utah. 

7.     Caledonite  Crystals  from  Montana, 

Caledonite  has  been  reported  from  the  same  three  local- 
ities as  linarite.  Its  occurrence  at  Mine  la  Motte,  Mo., 
needs  confirmation.  The  crystals  examined  are  from  the 
Alice  mine,  near  Butte  City,  Montana.  They  resemble  in 
habit  those  described  by  Farrington*  from  New  Mexico.  The 
forms  are  c  (001),  h  (010),  m  (110),  ^  (Oil),  /  (021),  «  (223), 
^  (221,  besides  several  undetermined  vicinal  forms  between/* 
and  c  and  between  t  and  m. 

8.     Highly  modified  3arite  Crystals  from  Kansas  City^  Mo, 

In  cavities  in  limestone  at  Kansas  City,  Mo.,  are  often  found 
small  crystals  of  barite.  They  are  usually  simple  combinations 
of  the  common  forms,  but  occasionally  highly  modified  ones 
are  found.  One  such  measuring  about  1^°"'  (fig.  7)  was  studied 
with  the  following  results.  The  crystals  are  tabular  in  habit, 
being  flattened  parallel  to  the  basal  pinacoid.  The  forms  are 
as  follows:  c  (001),  b  (010),  a  (100),  m  (110),  L  (1J:0),  17  (320), 
I  (KH),  d  (102),  0  (Oil),  /(ILS),  r  (112),  z  (111),  y  (122).  Not 
all  the  faces  gave  good  images,  but  the  forms  are  identified 
without  doubt. 


- 

Average. 

Calculated. 

a 

/v   d 

100  /x 

102 

3 

51°     6' 

51°     8^' 

I 

y\     C 

104  /x 

00  i 

0 

21°  54' 

21°  57' 

c 

/s   d 

001   /s 

102 

3 

38°  51' 

38°  51i' 

c 

y\    0 

001   y^ 

on 

3 

52°  38' 

52°  43' 

m 

^    z 

110  ^ 

111 

3 

25°  39' 

25°  41' 

r 

XV    c 

112    ys 

001 

3 

46°  10' 

40°     6' 

f 

y\     C 

113  A 

001 

3 

34°  45' 

34°  43' 

c 

/v  y 

001  XV 

122 

5«°  51' 

57°     1' 

a 

y\  m 

001  /^ 

110 

3 

39°  11' 

39°  11' 

1 

^  m 

320  /x 

110 

8 

10°  29' 

10°  39' 

b 

/vi 

010  ^ 

140 

6 

22°  40' 

22°  HJ' 

*  FarriDgtoD,  loc.  cit. 
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9.     CeUstite  Crystals  from  Salina  Co.^  Kansas, 

The  writer  is  indebted  to  Dr.  J.  W.  Beede  for  some  crystals 
of  celestite  obtained  at  a  quarry  east  of  Mentor,  Salina  Co., 

7  8 


dd 


f     c     i 


a 


Kansas.  As  far  as  can  be  learned  no  celestite  crystals  have 
been  described  from  Kansas,  though  it  is  a  common  mineral  at 
several  localities  in  the  state. 

The  crystals,  one  of  which  is  represented  by  fig.  8,  are  of 
the  usual  tabular  habit  elongated  in  the  direction  of  the  «-axis. 
The  following  forms  were  identified  :  c  (001),  h  (010),  m  (110), 
n  (120),  I  (104),  d  (102),  o  (Oil),  / (113),  and  ^  (124).  ^  (124), 
a  prominent  form  on  the  crystals,  is  mentioned  by  Hintze.* 
m  and  7i  appear  as  narrow  faces  and  did  not  give  images. 
They  were  identified  by  their  zonal  relations  and  by  appropri- 
ate measurements.     The  following  are  the  results  : 


c  /^    I  001  A    104  8 

I    A  d  104  A    102  8 

c   A  0  001  A   Oil  3 

c   A,   f  001  A    113  3 

c   A  ^  001  A    124  6 

S  A  B  124  A    124  4 


Average. 
22°  17' 

2' 
50' 
16' 

llf 


Calculated. 
22""  20' 


52° 
34° 
37° 

38° 


17° 
52° 
34° 
38° 
38° 


0^ 
46^' 
26f 


4 


'   In  conclusion  the  writer  wishes  to  thank  Prof.  A.  J.  Moses 
for  suggestions  in  the  preparation  of  this  paper. 

*  Hintze,  Zeitschr.  f.  Kryst.,  vol.  xi,  232,  1885. 

Miueralogical  Laboratory,  Columbia  University, 
New  York,  January,  1901. 
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Art.  V.  —  A  New  Solution  for  the  Copper   Voltameter  f 

by  William  K.  Shepahd. 

The  importance  of  the  convenient  and  accurate  method  of 
measuring  electric  currents  by  the  voltameter  depends  very 
largely  upon  the  construction  of  a  voltameter  which  admits  of 
hirfi  current  densities. 

The  silver  voltameter  gives  results  of  a  high  degree  of 
accuracy,  but  is  not  conveniently  used  except  for  small  cur- 
rents ;  the  copper  voltameter,  however,  from  the  cheapness  of 
its  materials,  finds  employment  in  the  laboratory  for  the 
measurement  of  comparatively  large  currents. 

As  ordinarily   used,   the  copper  voltameter  is    subject  to 
irregularities  due  to  the  solvent  effect  of  the  solution  in  some 
cases  and  the  oxidation  of  the  copper  in  others.     The  volta- 
meter solution  recently  investigated  by  the  writer  commends 
itself  by  the  facts  that  these  irregularities  are  avoided  and  that 
approximately  twice  the  current  density  permissible  with  solu- 
tions hitherto  in  use  may  be  employed  without  loss  of  accuracy, 
thus  allowing  large  currents  to  be   measured  without  incon- 
veniently increasing  the  size  of  the  electrolytic  cell. 

Many  different  solutions  for  the  voltameter  have  been  recom- 
mended by  various  experimenters.  Gray,*  using  a  copper  sul- 
phate solution  of  density  I'l&to  1*18  with  one  per  cent  free 
sulphuric  acid,  found  that  the  highest  current  density  desirable 
was  '02  amperes  per  square  centimeter  of  cathode  surface. 

Vannif  observed  that  a  copper  sulphate  solution  of  density 
1*12  with  one  per  cent  free  sulphuric  acid  dissolved    copper 
and  therefore   gave  indications  always  too  small.     With  an 
increase  of  the  current  density  the  deduced  electro-chemical 
ecjuivalent  of  the  copper  increased.     A  solution  neutralized 
with  copper  hydrate,  on  the  contrary,  yielded  results  in  constant 
excess,  probably  on  account  of  the  oxidization  of  the  copper. 
By  adding  to  a  liter  of  the  normal  solution  one  half  a  gram  of 
a  solution  which  contained  one  per  cent  sulphuric  acid,  he 
found  neither  a  gain  nor  a  loss  in  the  weight  oi  a  piece  of  cop- 
per immersed  in  it.     With  this  solution  he  successfully  used  a 

^nrrent  density   of  'Oil  -     ,  ,  but  no  experiments  seem  to 

We  been  made  to  determine  the  limit. 

Oettel:^  obtained  smaller  deposits  of  copper  from  copper 
sulphate  solutions  than  Faraday  s  law  demands  resulting  irom 

*Phil.  Mag.,  xxii,  p.  2S9,  1886. 

+  Wied.  ADnal.,  x,  p.  214,  1891  and  Phil.  Mag.,  xxv,  p.  179,  1888. 

tChemiBcbe  ZeitODg,  p.  543,  1893. 

^-  JouB.  Sci. — Fourth  Series,  Vol.  XII,  No.  61.— July,  1901. 
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the  formation  of  oxygen  compounds  such  as  HSO^.  By  the 
addition  of  alcohol  these  losses  were  avoided.  He  advised  as 
the  best  solution  : 

160  gms.  CuSO, 
60     ''    H  SO, 
60     "     Alcohol 
1000     "    H,0 

Beacli*  investigated  the  use  of  copper  nitrate  in  the  volta- 
meter. His  solution  after  neutralization  had  a  density  of  about 
1'53  and  contained  one  drop  of  a  saturated  solution  of  NH.Cl 
to  lOOcc.  of  the  nitrate.  The  NH^Cl  was  added  to  prevent  the 
oxidization  and  consequent  excess  of  deposit  which  occurs 
when  a  neutral  solution  is  used  alone.  He  found  that  he  could 
use  a  much  higher  current  density  with  this  solution  than  with 
the  copper  sulpliate  solutions  commonly  used.  But  as  copper 
nitrate  is  relatively  expensive  in  comparison  with  the  sulphate, 
it  is  not  so  well  suited  for  general  laboratory  use. 

It  seemed  to  the  writer  of  interest  to  attempt  the  use  of  a 
neutral  solution  of  the  sulphate  in  the  same  manner,  with  the 
aim  of  increasing  the  allowable  current  density.  The  solution 
was  prepared  as  follows:  A  saturated  solution  of  copper  sul- 
phate was  boiled  for  a  short  time  to  expel  the  air  and  then 
Kept  at  100°  C.  for  about  an  hour  in  contact  with  metallic  copper 
in  order  to  neutralize  the  solution.  The  density  was  then 
about  1*20.  A  very  small  amomit  of  NH^Cl  was  added,  about 
•05  of  one  per  cent. 

Two  voltameters  were  used  in  the  investigation.  They 
were  connected  in  series  in  order  to  see  how  the  different 
solutions  would  agree  when  using  exactly  the  same  current- 
Each  voltameter  consisted  of  three  anode  and  two  cathode 
plates,  the  cathode  plates  being  placed  alternately  between 
the  anodes  at  distances  of  about  2  centimeters.  The  plates 
were  10*5xl9cm.,  of  which  a  working  cathode  surface  of  about 
600cm'  was  employed.  The  voltameters  were  used  in 
battery  jars  20cm.  high  and  15cm.  in  diameter. 

The  method  used  in  the  preparation  of  the  cathode  plates 
was  that  given  by  Gray.f  The  edges  and  corners  were  well 
rounded  and  the  plates  polished  with  sand  paper.  They  were 
next  placed  in  water  slightly  acidulated  with  sulphuric  acid  for 
a  short  time  to  remove  any  trace  of  oxide,  rinsed  in  clean  water, 
dried  with  filter  paper  and  then  over  a  gas  flame.  After  cop- 
per had  been  deposited,  the  plates  were  not  exposed  to  the  air 
tor  a  time  longer  than  absolutely  necessary  before  the  copper 
sulphate  solution  had  been  completely  washed  off.     The  reason 

*  This  Journal,  xlvi,  p.  81,  1893. 
t  Phil.  Mag.,  xxii,  1 886. 
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for  this  is  that  a  copper  plate  oxidizes  rapidly  when  wet  with 
a  solution  of  neutral  copper  sulphate  and  exposed  to  the  air. 
This  was  accomplished  by  removing  the  voltameter  plates  as  a 
whole  from  the  solution  and  dipping  at  once  into  water  con- 
taining a  few  drops  of  sulphuric  acid.  They  were  then  rinsed 
in  clean  water,  dried  with  filter  paper  and  over  a  flame. 

Gray's  solution  was  first  tried  for  comparison.     Very  good 
deposits  were  obtained  using  a  current  density  up  to  about  '03 

Am  D^ res 

— ^—i — ;  but  the  deposits  would  sometimes  differ  as  much  as 

one  per  cent  in  the  two  voltameters. 

Oettel's  solution  gave  fine  deposits  for  low  current  densities. 
When,  however,  the  current. density  was  increased  the  plates 
blackened  badly  and  copper  was  found  in  the  form  of  powder 
on  the  bottom  of  the  jars.  The  highest  current  density  per- 
missible with  this  solution  was  '02  — ^  - . 

cm' 

Then  the  solution  with  NH^Cl  prepared  as  above  was  investi- 
gated in  the  same  manner.  For  low  current  densities  it  gave 
as  good  results  as  had  been  obtained  with  either  Gray's  or 
Oettel's  solution,  but,  in  contradistinction  to  these,  the  results 
continued  to  be  satisfactory  when  these  limits  were  widely 
snrpassed.  With  a  current  of  20  amperes  the  density  was 
increased,  by  raising  the  plates  so  as  to  lessen  the  immersed 

surfaces  to  a  value  even  more  than  '05  — ^-^ — .      Notwith- 

cm 

standing  this  very  material  increase  in  the  demands  upon  the 

voltameter,  the  deposits  still  remained  perfectly  satisfactory. 

Vith  30  amperes  and  a  current  density  of  '04:5  — ^— ^ —  the 

solution  still  gave  results  differing  by  less  than  one  per  cent. 

The  voltameters  were  then  filled,  one  with  Gray's  or  Oettel's 

solution  and  the  other  with  the  new  solution.     When  employed 

for  low  current  densities  the  solutions  in  all  cases  gave  deposits 

^eing  within  the  limits  of  error  imposed  by  the  methods 

*j    employed. 

With  regard  to  the  constancy  of  the  apparent  electro- 
chemical equivalent  when  a  high  current  density  was  used 
with  this  solution,  no  exact  statement  can  be  made,  as  the  abso- 
lute measurement  of  the  current  was  not  attempted.  In  the 
first  part  of  this  investigation  a  Weston  ampere-meter  was 
iueluded  in  the  circuit,  the  error  of  which  the  writer  has  reason 
^  believe  was  less  than  one  per  cent.  Assuming  the  indica- 
^ons  of  this  instrument  to  give  the  true  values  of  the  current, 
the  electro-chemical  equivalent  obtained  from  the  new  solution 
was  fairly  constant. 


s<^ 
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The  results  are  not  given,  as  different  values  of  the  current 
being  used  they  included  the  errors  of  the  instrument. 

Having  now  performed  these  preliminary  experiments  show- 
ing that  the  solution  could  be  employed  for  large  current 
densities  without  loss  of  accuracy  ana  having  obtained  a  fair 
idea  of  the  working  of  the  solution,  experiments  were  begun 
with  the  aim  of  eliminating  the  error  of  the  instrument. 

Another  Weston  ampere-meter  was  obtained  which  read  only 
to  15  amperes,  each  ampere  division  being  divided  into  ten 
parts.  So  that  with  this  instrument  the  current  could  be 
measured  with  an  error  in  the  reading  of  less  than  -^^h  of  an 
ampere.  The  instrument  was  not  assumed  to  be  correct,  but 
after  the  experiments  had  been  finished  the  results  were  aver- 
aged, and  taidng  the  electro-chemical  equivalent  of  copper  to 

be  '000329  —  the  true  value  of  the  current  at  the  division 

amp.  sec. 

used  on  the  instrument  was  obtained. 

Only  one  point  on  the  ampere-meter  was  used,  namely,  the 
one  which  gave  the  nearest  value  to  15  amperes.     Thus  with, 
the  same  division  and  changing  the  current  density  by  raising 
the  immersed  surfaces  of  the  voltameter  plates,  the  error  of  tho 
instrument  was  eliminated. 

From  what  has  just  been  said,  it  will  be  plain  that  tho 
results  given  below  are  not  presented  as  determinations  of  the 
electro-chemical  equivalent  of  copper ;  the  experimental  data 
are  reduced  to  that  form  simply  for  convenience  in  comparing 
them. 

The  current  was  obtained  from  a  storage  battery  of  50  cells, 
and  was  kept  constant  by  means  of  a  copper  sulphate  resistanoe 
which  coula  be  varied  at  will  by  varying  the  distance  between 
the  copper  plates. 

An  auxiliary  circuit  was  arranged  whose  resistance  was 
equal  to  that  of  the  two  voltameters.  The  current  was  throwTi 
by  means  of  a  switch  first  through  the  auxiliary  circuit  to  tli© 
ampere-meter  and  resistances  included  in  the  circuit.  TheB^ 
were  allowed  to  heat  up  until  everything  became  constant  and 
the  resistance  adjusted  so  as  to  give  the  desired  reading  of  th® 
ampere-meter.  Then  the  current  was  thrown  through  the 
voltameters  and  assumed  the  desired  value  instantly. 

The  duration  of  an  experiment  was  20  minutes,  so  that  ^ 
deposit  of  about  6  grams  was  obtained.  This  deposit  showed 
no  oxidization  even  up  to  the  highest  current  density  ub^^ 

which  was  greater  than  -07        ,  -  . 

The  results  are  arranged  iu  series  according  to  their  resp^^ 
tive  current  densities,  as  follows  : 
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SxrhsL 

amperes 
Current  Density ='02  — =-5 — 

No.  Equivalent  X  10^ 

1 3287-2 

2 3296-0 

3 3289-4 

4 3288-9 

6 3292-8 

6 3297-2 

7 3286-8 

8 3288-4 

9 3293-9 

10 3289-4 

11 3287-2 

12 3293-4 

The  mean  of  these  values  is  3290-7  with  a  probable  error  of 
i:2-4  for  a  single  observation. 

Series  II. 

amp 
Current  Density  -03  — ~ 

cm* 

No.  Equivalent  X  10'. 

1 3288-4 

2 3291-7 

3 3296-7 

4 3291-7 

5 3292-8 

6 3288-3 

7 3296-6 

8 3296-9 

9 3294-4 

10 3287-2 

11 3288-4 

12 3288-9 

The  mean  of  these  values  is  3291-7  with  a  probable  error  of 
±2*3  for  a  single  observation. 

Series  III. 

Current  Density  -04  — V 

No.  Equivalent  x  10'. 

1 3287-8 

2 3294-4 

3 3287-2 

4 3284-6 

6 3283-9 

6 3283-4 

7 3296-7 

8 3296-0 

9 3292-2 

10 3296-6 

11 3296-1 

rp,      12 3296-7 

^^^^  '^ean  of  these  values  is  3291-1  with  a  proba\Ae  ettot  cA 
^^'^  for  a  single  observatioD. 
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sebibs  rv. 

Current  Density  '05  —  v- 

cm* 

No.  Equivalent  x  10^. 

r. 3286-2 

2 3286-2 

3 3290-6 

4 3293-4 

6 3288-4 

6 3286-8 

1 3297-2 

8 3292-8 

9... 3286-6 

10 3287-2 

11 3286-8 

12 3293-4 

The  mean  of  this  series  is  3289'5  with  a  probable  error 
±  2*6  for  a  single  observation. 

Series  Y. 
Current  Density  '06  —  ~ 

No.  Equivalent  x  1 0'. 

1 3288-4 

2 3294-4 

3 3287-2 

4 3290-0 

6 3292-8 

6 3290-6 

7 3291-7 

8 3296-0 

9 3283-9 

10 8287-2 

11 3287-2 

12 3291-1 

The  mean  of  these  values  is  3290-0  with  a  probable  error 
db2-2  for  a  single  observation. 
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Sbbibs  VL 

amp 
Ourrent  DenBity  '07  — -r- 

cm' 

No.  Equiyalentx  10^ 

1 329r7 

2 3288^9 

3 329M 

4 3286^2 

6 1 3290^6 

6 3290-0 

n 3287^2 

8 328«^2 

9 3290^5 

10 3292^8 

11 3286-2 

12 3282^8 

13 329r7 

14 3287-2 

16 3292-2 

16 3288^9 

The  mean  of  these  values  is  3289*0  with  a  probable  error  of 
±  1*9  for  a  single  observation. 

The  results  are  arranged  for  comparison  in  the  following 

table : 


Series. 

CurreDt  Density. 

Mean. 

Prob.  Error  of  Mean. 

1 

•02 

3290^7 

±0-7 

II 

•03 

3291^7 

±0^7 

XII 

•04 

3291-1 

±1-0 

IV 

•06 

3289-6 

±0-7 

T 

•06 

3290-0 

±0-6 

^I 

•07 

3289-0 

±0-6 

These  results  show  no  dependence  upon  the  current  density. 

Itx  fact,  series  VI,  which  diners  most  from  the  others,  could  be 

slightly  increased  for   the  following  reason.     The  day  after 

tliis  series  was  taken  the  watch  which  had  been  used  to  measure 

tlie  time  was  rated  with  a  clock  and  found  to  be  gaining  at  the 

t3.te  of  2  seconds  an  hour  when  lying  at  the  side  of  the  ampere- 

naeter.    This  was  doubtless  caused  by  the  magnetic  field  of  the 

ampere-meter,  as  the  watch  at  other  times  was  very  correct. 

If  a  connection  were  applied  for  this  to  series  IV  it  would 
increase  it  by  about  one  part  in  1800,  so  that  it  would  become 
S290-6,  which  is  in  still  closer  agreement.  During  series  III, 
^^5  V,  which  were  taken  after  this  fact  had  been  discovered, 
"ie  watch  was  rated  and  proper  connections  were  applied. 
But  as  the  watch  had  not  been  rated  during  series  I,  II  and 
'I,  the  corrections  cannot  be  applied  to  them. 
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It  is  also  proper  to  observe  that  although  the  current  density 
was  widely  varied  there  is  no  loss  of  accuracv,  as  is  shown  by  the 
probable  errors  of  a  single  observation  in  the  different  series. 

For  current  densities  of  '05  — \  or  gi'eater  the  solution  was 

found  to  heat  a  little  during  the  first  experiment.  Kesuits 
which  were  obtained  during  the  rise  in  temperature  of  the 
solution  were  always  slightly  greater  than  those  obtained  after 
the  solution  had  become  warm  and  at  a  uniform  temperature 
throughout.  The  unequal  temperature  of  the  solution  may  be 
avoided  by  stirring  or  by  making  a  preliminary  experiment  to 
warm  up  the  solution.  The  best  way  was  found  to  heat  the 
solution  by  means  of  a  flame  to  a  temperature  of  about  35  or 
40°  C  before  making  an  experiment.  The  deposits  were  then 
found  to  be  very  satisfactory  even  up  to  a  current  density  of 

over  -07  — ^  and  the  resulting   values   of  the  equivalent  to 

agree  closely  with  those  obtained  with  the  low  current  densities. 

The  results  given  in  series  III,  IV,  V  and  VI  were  obtained 
with  the  solution  at  a  temperature  from  35°  to  40°  C,  while 
series  I  and  II  were  obtained  with  the  solution  at  the  tempera- 
ture of  the  room,  about  20°  C.  We  see  therefore  that  the 
temperature  from  20°  to  40°  C.  has  practically  no  influence 
upon  the  results  given  by  the  solution;  but  that  any  inequal- 
ity in  the  temperature  of  the  solution  will  cause  slight  errors 
and  therefore  should  be  carefully  avoided. 

The  same  solution  was  used  throughout  the  second  part  of 
this  investigation.  Perhaps  fresh  solutions  would  have  given, 
more  consistent  results,  but  certainly  no  large  error  is  intro- 
duced by  the  repeated  use  of  the  solution. 

We  may  collect  the  results  with  this  solution  as  follows : 

The  weight  of  copper  deposited  is  practically  independen 
of  the  temperature  between  20°  and  40°  C. 

The  results  are  independent  of  the  current  density  withi 
the  limits  given. 

The  solution  may  be  used  a  large  number  of  times. 

The  solution  may  be  used  with  a  current  density  two  o 
three  times  as  great  as  that  permissible  with  others  common! 
in  use,   so   that  to   measure  a  given  current  a  considerabl 
smaller   voltameter   may   be    employed  than  with  the  old( 
solutions. 

Current-measuring   instruments  may  be  calibrated    by  i 
means  with  an  error  of  only  about  one-tenth  of  one  per  cent.^ 

SheflBeld  Scienti6c  School,  New  Haven,  Conn. 
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Art.    VI.  —  The    Thermo-magnetic    and    Galvano-magnetic 
Effects  in  Tellurium;  by  Morton  Githens  Lloyd,  Ph.D. 

The  investigations  here  described  were  begun  with  the  idea 
of  measuring  all  of  the  thermo-magnetic  and  galvano-magnetic 
effects  in  the  same  specimen  of  a  non-metal,  tellurium  oeing 
the  substance  chosen.  It  has  heretofore  been  investigated  for 
only  two  of  the  transversal  effects.  Satisfactory  numerical 
values  of  the  magnitude  of  most  of  these  effects  nave  not  yet 
been  obtained,  owing  to  the  diflBculties  involved  in  their  meas- 
urement, but  as  the  work  must  be  interrupted' for  some  time, 
it  is  thought  best  to  publish  the  qualitative  results  at  once. 

If  a  conducting  plate  carrying  an  electric  current  be  placed 
in  a  magnetic  field  perpendicular  to  the  lines  of  force,  the  fol- 
lowing galvano-magnetic  effects  have  been  observed. 

1.  A  difference  of  electric  potential  is  produced  between  the 
edges  of  the  plate,  perpendicular  to  the  direction  of  the  cur- 
rent and  of  the  magnetic  field.     (Hall  effect.) 

2.  A  difference  of  temperature  is  produced  between  the 
same  points. 

3.  A  change  of  resistance  occurs.     (Longitudinal  Hall  effect.) 

4.  A  difference  of  temperature  is  produced  in  the  direction 
of  the  current.* 

If  a  flow  of  heat  replace  the  primary  electric  current,  four 
analogous  thermo-magnetic  effects  are  observed. 

1.  A  difference  of  electric  potential  between  the  edges  of 
the  plate. 

2.  notation  of  the  isothermal  lines  or  a  difference  of  tem- 
perature between  the  same  poinjts. 

3.  A  change  of  conductivity  for  heat. 

4.  A  difference  of  potential  in  the  direction  of  the  heat- 
flow.    (Longitudinal  thermo-magnetic  effect.) 

The  transversal  effects  are  reversed  in  direction  when  either 
tlie  magnetic  field,  or  the  primary  current  of  heat  or  electricity, 
is  reversed  in  direction ;  but  the  longitudinal  effects  are  inde- 
pendent of  the  direction  of  the  field. 

It  has  already  been  proposedf  to  call  the  galvano-magnetic 
teniperature-difference,  the  thermo-magnetic  temperature-dif- 
ference, and  the  thermo-magpetic  potential-difference  by  the 
respective  names,  Ettingshausen  effect,  Leduc  effect  and  Jserust 
effect.    Most  of  these  effects  were  first  observed  in  bismuth, 
and  some  of  them  only  in  bismuth.     The  change  of  conduc- 

•Nemst,  Wied.  Ann.,  xxxi,  p.  784,  1887. 

tThesia:  The  Transversal  Thermo-magnetic  Effect  in  Bismuth,  M.  G.  Llojd, 
Pmladelphia,  1900;  Beiblatter,  24,  p.  1014. 
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tivity  for  heat  was  first  announced  by  Righi*  and  shortly 
afterward  by  Leduct  The  Leduc  effect  has  been  observed  by 
Leduc,t  Highly  and  van  Everdingen.g  The  Hernst  effect, 
discovered  by  von  Ettingshausen  and  NernstJ  has  been 
observed  by  van  Everdingeu,  Yamaguchi,T[  Morean**  and  the 
writer,  these  observations  covering  a  number  of  metals.  The 
Ettingshausen  effect  was  observed  by  its  discoverer  ft  in  bis- 
muth, antimony  and  tellurium,  and  was  included  in  van  Ever- 
dingen's  observations  on  bismuth.  The  longitudinal  thermo- 
magnetic  effect  has  been  observed  in  bismuth  by  von  Ettings- 
hausen and  Nernst,  van  Everdingen,:|::J  and  Lownds.§§ 

Chemically  pure  tellurium  was  obtained  from  Eimer  and 
Amend,  and  cast  into  the  form  of  a  plate,  6*7^  long?  2*5°" 
wide  and  O'V^  thick,  with  two  lugs  projecting  from  the  middle 
of  the  lateral  edges.  Six  thermoelectric  couples  of  copper 
and  German  silver  wire  made  electric  connection  with  the 

f)late;  one  to  each  of  the  lugs,  the  other  four  along  the  center 
ine  of   the   plate,   separated  by  distances   of  15,    13,    18"°*. 
These  couples  served  to  determine  the  temperature  at  the  six 
points  and  thus  the  temperature-gradient,  ana  in  addition  could 
be  used  to  determine  the  difference  of  potential  between  any 
two  points.     The  ends  of  the  tellurium  pliite  were  pressed 
by  springs  against  projections  from  two  brass  tubes,  through 
which  steam  and  cold  water,  respectively,  could  be  passed. 
The  whole  was  mounted  on  a  wooden  frame,  and  suspended 
between  the  poles  of  a  powerful  electro- magnet.     The  pole- 
faces  were  6'3^"  square  and  1*3^™  apart,  and  the  magnetic  field 
between  them  practically  uniform.     The  strength  of  field  was 
determined  from  the  resistance  of  a  calibrated  bismuth  spiral 
which  was  also  attached  to  the  wooden  frame.     When  sending 
an  electric  current  through  the  plate,  cold  water  flowed  througli 
both  brass  tubes,  to  which  the  lead-wires  were  attached.     Dif — 
ferences  of  potential  were  measured   by   comparison    with   ei 
standard  Clark  cell,  using  the  potentiometer.     A  very  sensitive 
astatic  reflecting  Thomson  galvanometer  was  used  as  a  curren 
indicator. 

The   electromotive  force,  E,   in   microvolts,   of  a  therm( 
electric  circuit  of  copper  and  Gerraau  silver,  one  junction 

•Rend.  Ace.  Lincei,  iii.  p.  481,  1887;  Beiblattor,  11,  p.  670. 
t  Comptes  Rendus,  civ.  p.  178H,  1887. 
X  Rood.  Ace.  Lincei,  iii.  p.  6,  1887. 

§  Proc.   Royal  Acad.  Sci.  of  Amsterdam,  i,  p.  72,  1898;  Comm.  from  Leid< 
No.  42. 

I  Adz.  d.  kais.  Akad.  Wien.  xiii,  p.  114,  1886;  Wied.  Add.,  zxix,  p.  34S. 

1[  Add.  d.  Phjsik,  i,  p.  214,  190u. 

♦♦  Jouroal  de  Physique  ix.  p  497,  1900. 

t+ Wied.  Add.,  xxxi,  p.  737,  1887. 

h  Add.  d.  Physik,  iv,  p.  776,  1901. 

g§  LeidcD  Comm.,  No  48 :  Proc.  R.  A.  S.  A.,  Mar.  25,  1899. 
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which  is  at  25°  C.  and  the  other  at  T°,  has  been  found  by  Dr. 
H.  C.  Sichards  to  be 

E  =r  15-20  (T  —  25)  +  0-0272  (T  -  25)'. 

One  of  the  couples  used  in  this  work  was  tested  between  0** 
and  100°  and  found  to  agree  with  the  formula,  which  has  been 
used  in  determining  temperatures. 

The  plate  was  insulated  and  protected  from  air-currents  as 
well  as  possible  by  the  use  of  mica,  asbestos,  cotton,  etc. 

Ettingahan^en  effect  —  If  the  primary  current  flow  from 
right  to  left,  and  the  lines  of  magnetic  force  are  directed  away 
from  the  observer,  the  upper  edge  of  the  plate  is  cooled  and 
the  lower  warmed.  This  is  in  the  same  direction  as  in  bis- 
muth. The  effect  was  measured  by  passing  current  through 
the  plate  between  the  two  tubes,  and  observing  the  tempera- 
tures at  the  edges  of  the  plate  for  both  directions  of  the  field, 
giving  time  in  each  case  for  temperatures  to  become  constant. 
A  series  of  readings  was  taken,  reversing  field  each  time,  in 
order  to  eliminate  any  error  due  to  the  gradual  change  in  tem- 
perature of  the  whole  plate.  Readings  in  zero  field  were  not 
used  in  the  calculations.  They  showed,  however,  that  the 
effect  was  not  symmetrical,  i.  e.,  the  change  for  one  direction 
of  the  field  was  not  the  same  as  for  the  opposite  direction  of 
the  field;  starting  with  zero  field  in  both  cases.  The  coeflS- 
cient  of  the  Ettingshausen  effect,  P,  is  defined  by  the  equation 

T  =  PH^ 

where   T   is  the  difference  in   temperature   produced,  by  a 
change  of  field  H,  between  the  edges  of  a  plate  of  thickness 
t  when  traversed  by  a  current  C.     Temperatures  are  measured 
in  Centigrade  degrees ;    other   quantities   in   C.G.S.   electro- 
magnetic units.     The  values  of  P  observed  ranged  between 
O-00014  and  0-00029  for  fields  up  to  5500  gausses,  at  a  tempera- 
tore  of  about  65°.     The  high  resistance  of  tellurium  causes  a 
correspondingly  large  generation  of  heat  and  the  temperature 
of  the  interior  is  considerably  higher  than   that  of  the  sur- 
roundings.    The  flow  of  heat  from  the  center  of  the  plate  to 
tlie  edges  (cooled  by  water  flowing  through  the  tubes)  will 
produce  a  Leduc  effect  which  may  interfere  with  the  measure- 
ments of  the  Ettingshausen  effect.     In  this  case  the  measure- 
naents  were  made  at  the  center  of  the  plate,  where  the  tem- 
perature-gradient may  be  assumed  zero. 

BaU  effect, — If  the  primary  current  flow  from  right  to  left, 
^wd  the  lines  of  force  are  directed  away  from  the  observer,  the 
^Pper  edge  is  at  the  lower  potential.  This  direction  coincides 
^ith  the  results  of  other  observers  and  is  usually  considered  as 
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positive.  It  is  in  the  opposite  direction  in  bismuth.  To 
determine  the  Hall  effect,  the  difference  of  potential  was  meas- 
ured between  the  copper  wires  connected  to  opposite  edges  of 
the  plate.  This  P.D.  includes  the  thermo-effect  due  to  the 
two  points  of  contact  not  being  at  the  same  temperature.  If 
the  temperature  remained  constant,  the  thermo-enect  could  be 
eliminated  bj  taking  readings  for  both  directions  of  the  field. 
But  the  temperatures  are  not  constant,  the  Ettingshausen  effect 
producing  a  change  whenever  the  field  is  reversed,  and  this 
must  be  allowed  £)r.  It  was  found  in  this  case  to  affect  the 
second  significant  figure  by  one  unit  only  and  hence  is 
neglected.  The  coefficient  of  the  Hall  effect,  R,  is  defined  by 
the  equation 

e=rh9. 

t 

In  a  field  of  strength  4,000  gausses,  the  value  of  K  found 
was  430  C.G.S.  at  a  temperature  of  65°. 

C/ia?ige  of  resistance—'The  resistance  was  determined  by  the 
difference  of  potential  of  two  points  between  which  a  current 
was  fiowing.  The  current  and  P.D.  were  measured  with 
Weston  ammeter  and  voltmeter.  The  accuracy  of  the  observa- 
tions would  serve  to  determine  a  change  in  resistance  of  one- 
half  of  one  per  cent.  No  change  was  found  in  fields  up  to 
5,500  gausses.  Other  observations*  on  tellurium  show  an 
increase  in  resistance  less  than  this. 

Leduc effect — If  the  heat  flow  be  from  right  to  left  and  the  lines 
of  force  are  directed  away  from  the  observer,  the  upper  edge 
of  the  plate  is  cooled.  The  direction  in  bismuth  is  the  reverse 
of  this.  The  coefficient  of  the  Leduc  effect,  S,  is  defined  by 
the  equation 

T  =  S^^hJ" 
d\ 

dr 
where  b  is  the  breadth  of  the  plate  and  ^.    the  longitudin 

temperature  gradient.      Values   of   S   between   0*000002  an 
0*000005  were  obtained  at  temperatures  between  30°  and  ^ 
in    fields   of   strengths   from    2,500   to    5,200    gausses, 
coefficient  appears  to  increase  With  the  temperature. 

Nernat  effect. — If  the  heat  flow  be  from  right  to  left,  and  t 
lines  of  magnetic  force  are  directed  away  from  the  observe 
the  upper  edge  is  at  lower  potential.     In  bismuth  the  directi 
is  the  same-     The  coefficient  of  Nernst  effect,  Q,  is  defined 
the  equation 

dr 

*  Goldhammer,  Wied.  Aon.,  xxxi,  p.  360,  1887. 
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The  difference  of  potential  between  the  copper  leads  connected 
to  opposite  edges  oi  the  plate  is  the  resultant  of  the  Kemst 
effect  and  the  thermo-electric  effect  at  the  two  junctions. 
Since  the  two  junctions  are  in  general  at  slightly  different 
temperatures,  they  do  not  balance  one  another.  If  their  tem- 
peratures were  constant,  the  thermo-electric  effect  could  be 
eliminated  by  taking  readings  for  both  directions  of  the  mag- 
netic field ;  for  in  one  case  tne  Nernst  effect  would  be  addra 
to  it  and  in  the  other  case  subtracted.  Owing  to  the  Leduc 
effect,  the  temperatures  do  not  remain  constant,  but  are 
altered  by  reversing  the  field. 

Let  E=Nemst  effect ;  V  and  V'=the  observed  P.D.'s  for 
two  directions  of  the  field;  e= thermo-electric  power  for  cop- 
per and  tellurium ;  t^  and  ^,=the  temperaturep  of  the  two 
junctions  for  one  direction  of  the  field,  t/  and  ^/  for  the  other ; 

T=Leduc  effect=i  {t.-t^+t^'-tj).    Then 

whence 

E=-^,  — -cT. 

2 

It  is  thus  seen  that  the  observed  values  of  V  must  be  cor- 
rected for  the  Leduc  effect.  In  bismuth  this  correction  was 
found  negligible ;  in  tellurium  it  is  not  so,  owing  to  the  enor- 
mous thermo-electric  power  of  copper  and  tellurium,  but 
assumes  a  magnitude  of  the  same  order  as  the  Nernst  effect. 
An  accurate  determination  of  the  Nernst  effect  requires  an 
accurate  knowledge  not  only  of  one  value  of  this  thermo- 
electric power,  but  also  of  its  variation  with  temperature  and 
with  strength  of  field.  The  values  of  e  observed  are  slightly 
over  600  microvolts,  whereas  the  value  usually  given  is  about 
5O0. 

Observations  of  the  Nernst  effect  give  a  value  of  Q=0-36  at 
33°  in  a  field  of  about  3,000  gausses.  As  in  the  case  of  the 
Hall  effect  the  constant  is  larger  than  has  been  observed  in  any 
metal. 

Change  of  heat-conductivity. — The  conductivity  is  lessened 
^D  the  magnetic  field.     The  relative  conductivities  were  calcu- 
lated from   observations  of  temperature  at  four  points  along 
^ne  center  line  of  the  plate,  assuming  the  thickness  to  be  uni- 
^^^m  and  the  surface-conductivity  to  be  constant.     Neither  of 
ftese  conditions  is  fulfilled,  and  hence  the  results  are  onlv 
approximate.     The  ratio  of  conductivity  in  a  field  of  strength 
4700  gausses  to  that  in  zero  field  was  found  to  be  0*9. 
Longitudinal  ihermo-magneiic  effect, — The  warm  end  of  the 


62        Lloyd^-Thermornagnetic  and  Oalvano-magnetic 

plate  is  at  the  higher  potential.  This  direction  is  the  same  as 
Lownds*  has  found  in  bismuth  at  ordinary  temperatures. 

Two  suggestions  have  been  niadef  which  might  explain  the 
origin  of  the  longitudinal  effects.  One  is,  that  the  thermo- 
electric-power is  altered  in  a  magnetic  field.  Lownds  has 
demonstrated  that  the  effect  observed  by  him  cannot  be  so 
explained.  The  other  suggestion  is,  that  owing  to  a  change 
in  heat-conductivity,  the  temperatures  at  the  junctions  are 
changed,  thus  changing  the  E.M.F.  in  circuit.  This  explana- 
tion is  plausible  where  the  effect  was  measured  by  compen- 
sating the  E.M.F.  in  zero  field,  and  observing  the  change 
produced  by  the  field.  Lownds  does  not  mention  whether  he 
made  any  test  of  this  possibility,  but  in  one  of  his  experiments 
at  least  (p.  779)  it  is  evident  that  the  E.M.F.  could  not  have 
had  this  origin. 

The  longitudinal  effect  has  been  observed  in  bismuth  also  by 
van  Everdmgen,:!:  and  found  to  vary  with  the  strength  of  field 
according  to  the  same  law  as  the  variation  of  resistance. 

In  my  own  experiments  the  temperatures  at  the  junctions 
were  observed  in  the  given  field  as  well  as  in  zero-field,  and 
allowance  made  for  the  change.  Theory§  indicates  that  longi- 
tudinal effects  should  be  proportional  to  the  square  of  the 
strength  of  field,  and  independent  of  its  direction.  I  have 
noticed  that  in  Qwery  case  the  effect  was  greater  for  one  direc- 
tion than  for  the  other.  The  mean  value  for  a  field  strength 
of  2750  gausses,  mean  temp.  =  39°,  difference  of  temp.  =  19**, 
was  1050  microvolts. 

If  we  regard  the  transversal  differences  of  temperature  and 
potential  as  due  to  the  transfer  of  heat  and  electricity  respect- 
ively across  the  plate,  we  notice  that  in  tellurium  the  transfer 
of  electricity  is  always  in  the  same  direction  as  the  transfer  of 
heat.  That  is,  the  edge  which  is  raised  in  potential  is  also 
raised  in  temperature.  Moreover,  to  produce  the  same  effects 
with  a  current  of  electricity  as  with  a  current  of  heat,  the 
direction  of  flow  must  be  the  same  for  both.  For  example, 
the  edge  which  is  warmed  by  the  Leduc  effect  has  its  potential 
increased  by  the  simultaneous  Nernst  effect.  And  to  warm 
the  same  edge  by  the  Ettiugshausen  effect  as  by  the  Leduc 
effect,  the  primary  currents  of  electricity  and  heat  must  have 
the  same  direction. 

In  bismuth,  the  reverse  is  the  case,  the  heat  and  electricity 
being  transferred  in  opposite  directions.  Thus  the  edge  which 
is  warmed  by  the  Leduc  effect  has  its  potential  lowered  by  the 
simultaneous  Nernst  effect.     And  to  warm  that  same  edge  by 

*  Add.  d.  Phys.,  iv,  p.  776,  1901. 

\  Grimaldi,  Nuov.  Cim.-  (3),  xxii,  p.  5,  1887 ;  Goldhammer,  /.  c. 

i  Leiden  Comm.,  No.  48,  1899.  §Drude,  Ann.  d.  Physik,  iii,  p.  377,  1900. 
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the  Ettingshausen  effect  would  require  a  primary  electric  cur- 
rent in  the  direction  opposite  to  the  heat  flow  producing  the 
Leduc  effect.     These  facts  are  of  especial  interest  in  connection 
with  Liebenow's*  theory  of  thermo-electric  currents,  in  which 
he  arrives  at  the  conclusion  that  in  metals  heat  always  flows 
with  the  negative  electricity,  whereas  in  non-metals  it  accom- 
panies the  positive  electricity.     If  this  relation  between  the 
directions  be  a  general  one,  a  knowledge  of  the  direction  of 
any  one  of  the  four  transversal  effects  would  be  suflBcient  to 
determine  the  direction  of  the  other  three.     Of  the  eleven 
elements  examined  by  Nernstf  for  the  Nemst  effect,  six  (Bi, 
Sb,  Ni,  Fe,  Zn,  Pb)  bear  out  this  relation  with  the  Hall  effect, 
if  we  regard  antimony  as  a  non-metal.     Of  the  other  flve, 
three  (Cu,  Ag,  Sn)  showed  such  a  small  effect  that  they  may 
be  regarded  as  doubtful.     The  two  notable  exceptions  are  car- 
bon and  cobalt.     It  has  been  already  noted  by  several  writers:}: 
that  cobalt  occupies  an  anomalous  position  as  regards  its  Hall- 
constant,  and  it  may  be  that  the  Ettingshausen  effect  is  large 
enough   in   this  metal    to   entirely   vitiate  the   measurements 
which  have  been  made  of  its  Hall-effect,  even  to  changing  the 
sign.     In  this  regard  it  is  to  be  noted  that  the  thermo-electric- 
power  is  large  between  cobalt  and  copper,  the  metal  usually 
used  for  lead-wires.     Or  the  measurement  of  Nernst  effect  may 
bave  been  equally  influenced  by  Leduc  effect.     Moreau  {I.  o.) 
however,  found  an  opposite  direction  for  the  Nernst  effect  in 
cobalt,  which  would  make  it  agree  with  the  general  rule.     The 
direction  of  the  Ettingshausen  effect  in  antimony  is  in  har- 
mony with  the  other  effects. 

This  idea  comes  in  conflict,  however,  with  the  "  Electronen- 
theorie"  of  Drude,§  which  requires  that  the  Ettingshausen 
effect  be  in  the  same  direction  in  all  metals.  For  the  above 
relation  to  hold,  the  Hall-effect  must  also  be  in  the  same  direc- 
tion in  all  metals,  which  we  know  is  not  the  fact.  In  the  only 
three  substances  yet  examined,  bismuth,  tellurium  and  anti- 
mony, the  direction  of  the  Ettingshausen  effect  has  been  found 
tlie  same. 
I  summarize  the  constants  for  the  four  transversal  effects. 

Ettingshausen P  =  00002  5600  66- 

Nernst Q=0-36  3000  33' 

Hall R=430-  4000  65- 

Leduc 8  =  0000004  5200  30-38 

*Wied  Add-,  Ixviii,  p.  316,  1899.  f  Wied.  Ann.,  xxxi,  p.  760,  1887. 

t^on  Ettingshausen  u.  Nemst,  Wiener  Berichte,  xciv,  p.  560,  1886;  J.  C, 
^ttie,  Proc.  Royal  Soc.  Edinburgh,  ix,  p.  481,  1895;  Drude,  Ann.  d.  Phys.,  iii, 
P-  392, 1900.  §  Ann.  d.  Physik,  iii,  p.  369,  1900. 

Uboratory  of  Physics, 
Uiiiyergity  of  Pennsylvania, 
Jane  1, 1901. 
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Art.  VII. — Additions  to  the  Avifauna  of  the  Bermudas 
with  diagnoses  of  two  new  Subspecies;  by  A.  Hyatt 
Verbill. 

During  a  recent  collecting  trip  to  the  Bermndas,  from 
March  10th  to  May  9th,  16  species  of  birds  were  ol^rved 
that  appear  not  to  have  been  previously  recorded  : 

Phaeton  cethereus.  Red-billed  Tropic-bird.  Several  were 
seen  on  Harrington  Sound  in  April. 

Lariis  glaucus.  Glaucous  Gull.  A  large  flock  remained 
some  time.  Seen  about  the  islets  in  Harrington  Sound  early 
in  March.  Were  regarded  as  something  new  by  the  inhab- 
itants. 

Melanerpes  Carolinns,  Red-bellied  Woodpecker,  Ohab. 
Seen  April  8th,  on  a  Pride  of  India  tree. 

Passer  montanv^,  European  Tree-sparrow.  Locally  com- 
mon in  Paget  Parish.  Naturalized  ;  resident.  Probably  intro- 
duced with  the  English  Sparrow. 

Carduelis  carduelis,  European  Goldfinch.  Abundant  on 
the  southern  and  eastern  parts  of  the  islands,  especially  about 
Hungry  Bay.  Accidentally  introduced  about  1885,  from  a 
wrecK.     Previously  recorded  by  Reid  as  an  escaped  cage-bird. 

Spinus  tristis.  American  Goldfinch.  Resident.  Not  un- 
common.    Intentionally  introduced  about  1896,  near  Hungry 

Sptzella  monticola.  Tree-sparrow.  A  flock  was  seen  sev- 
eral times  at  Hungry  Bay  during  the  latter  part  of  March. 

Sitta  Carolinensis,     White-breasted  Nuthatch.     Seen  April 
14th  to  30th,  on  cedars  at  Harrington  House. 

Dendroica  Pennsylvanica.     Chestnut-sided  Warbler. 

Dendroica  striata.     Black-poll  Warbler. 

Dendroica  Blackhurnim,  Blackburnian  Warbler.  Ttm  e 
last  three  were  seen  in  flocks  of  other  migrants,  March  12th  *:.o 
15th,  at  Hamilton. 

Saxicola  cenantle.  Wheatear.  Introduced  recently  ne-^^^ 
St.  Georges.  Appears  to  be  perfectly  naturalized.  Previously 
recorded  by  Reid  as  a  rare  migrant. 

Mimics  polyglottus.  Mocking  Bird.  Resident.  Introduc^^^ 
about  1892,  at  Bailey  Bay.  Not  uncommon  at  Walsingha-  "■^ 
and  Paynter's  Yale.     Appears  to  be  now  naturalized. 

The  following  four  species  were  identified  from  the  loc^-^* 
collection  in  the  Public  Library  at  Hamilton  :  Orchard  Oriol^^  ? 
Thrasher  or  Brown  Thrush  ;  Blue  Jay  ;  Red-shouldered  Ha\r  1^* 

The   abundant    resident   Ground   Dove   proves   to   be  tl'^ 
Bahama  subspecies  {Columhigallina  passerina  BahamenM^)' 
It  always  has  a  black  bill. 


with  diagjioses  of  two  new  Subspecies.  65 

The  resident  Bluebird  is  decidedly  larger  and  brighter  col- 
ored than  the  true  sialis.     It  is  a  new  subspecies. 

Sialia  sialis  Berinndensis  A.  H.  Verrill. 

Blue  of  the  upper  parts  of  male  brilliant  purplish  azure,  a 
little  brighter  on  rump;  chin  light  blue,  loreast,  sides  and 
flanks  deep  purplish-cinnamon,  much  darker  and  richer  than  in 
North  American  specimens.  Female  more  brownish  with 
brighter  rump  and  back  than  in  the  true  sialis.  Edge  of  wing, 
at  carpal  joint,  distinctly  pure  white. 

Length,  6*75  to  75  inches;  wing,  4:  to  4*25;  tail,  2*75  to 
3"25.  Nest  usually  built  in  crevices  and  holes  of  cliflfs  ;  eggs 
usually  pure  white,  rarely  tinged  with  greenish-blue. 

The  resident  cardinal  bird  of  Bermuda  also  differs  as  a  sub- 
species, from  the  American  forms : 

Cardinalis  cardhialis  Somersii  A.  H.  Yerrill. 

Adult  male  :  Lower  parts  brilliant  orange-vermillion,  brighter 

and  more  orange  than  in   C.  cardinalis.     Upper  parts  are  also 

clearer  and  brighter,  deep  lake-red,   with  scarcely  any  gray  on 

tips  of  feathers,     v  ermillion  of  checks  and  crest  brighter  and 

clearly  defined.     Bill    deep   scarlet.     Female  lighter   than  in 

cardi7ialis^  especially  below;  breast  buflFy  yellow;  belly  almost 

pure  white ;  upper  parts  clear  ashy  gray ;  crest  and  ear-coverts 

strongly  tinged  with  red ;    wings  and    tail    nearly  as  in   the 

male. 

Length,  8*75  inches;  wing,  3*75;  tail,  4:'75  ;  culmen,  0*80. 
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Art.  VIII. — The  Lxduced  Alternating  Cui^rent  Dischar 
studied  \cith  Reference  to  its  Spectrum  and  especially  t 
Ultra-  Violet  Spectritm  ;    by  A.  W.  Wright  and   L. 
Downs. 

In  some  experiments  made  in  this  laboratory  a  few  yea 
ago,  in  photographing  the  spectrum  of  an  induced  alternatii 
current  discharge,  produced  under  special  conditions  betwec 
copper  terminals,  a  plate  was  obtained  which  contained  a  vei 
great  number  of  lines.  The  primary  purpose  of  this  invesi 
gation  was  to  locate  these  lines  and  if  possible  discover  the 
origin,  and  secondly  to  study  this  peculiar  form  of  dischar^ 
when  produced  on  a  very  large  scale.  Spottiswoode*  w; 
among  the  first  to  give  an  account  of  this  mode  of  excitii 
an  induction  coil  by  the  direct  application  of  an  altcrnatiti 
machine,  without  the  intervention  of  a  contact  breaker  or  tl 
use  of  a  condenser.  In  the  Proceedings  of  the  Koyal  Societyf  I 
points  out  some  peculiarities  of  the  discharge  which  he  note( 

In  our  experiments  the  induction   coil  was  used  without 
contact  breaker  or  condenser.     It  had  four  hundred  and  tweh 
turns  of   wire  about  3™™  in  diameter  for  its  primary,  and 
secondary  of  about  25'5"°  in  length,  consisting  of  about  fift 
thousand  turns  of  wire  0-3"'"*  in  diameter.     In  the  core  of  th 
primary,  which  was  35'5''°'  long  and  3'5""  in  diameter,  the? 
were  nearly  a  thousand  soft  iron  wires  carefully  annealed  ar 
insulated  with   shellac.      As   a   result  of   having   such  lar 
wire  for  its  secondary,  the  current  was  very  large,  and  t 
potential  as  determined  by  the  length  of  the  spark  was  in  \ 
neighborhood  of  120,000  volts.     The  current  was  supplied 
the  coil  by  a  Siemens  alternating  current  dynamo  of  about  * 
horse  power  which   was  driven  by  a  gas  engine,  and  wf 
magnets  were  excited  by  a  small  dynamo  using  approxims 
three  horse  power. 

With  the  terminals  arranged  horizontally  the  discharge 
exceedingly  intense  and   vigorous,  being  accompanied  \\ 
loud  singing  noise.     It  consisted  of  a  light  nebulous  flai 
a  whitish  color,  with  a  slight  tinge  of  yellow  qr  green, 
gradually  from  the  terminals  and  meeting  at  the  center,  ' 
the  color  changes  to  a  reddish.     The  flame  appeared  to  t' 
to  be  continuous,  but,  when  observed  in  a  rotating  mi 
photographed  on  a  swiftly  moving  plate,   the  alterns 
charges  were  plainly  discriminated.     About  and  close 
terminals  the  bluish-purple  flame,  caused   by  the  nitr 
the  air  was  plainly  seen.     The  spark   would    leap  a( 
interval  of  about  3*5'"',    and    when   the   discharge    w 
started,  the  terminals  could  be  drawn  apart  for  as  muc 

*  Phil.  Mag.,  Nov.  1879.  f  A'ol.  xxx,  p.  173. 
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or  25*^  without  extingnishing  the  flame,  presenting  a  striking 
and  beautiful  spectacle. 

It  may  be  of  interest  here,  in  view  of  the  peculiar  character 
of  the  discharge,  to  give  the  results  of  some  experiments  which 
were  made  a  few  years  ago  in  this  laboratory  to  determine  the 
time  and  mode  of  its  formation.     A   camera  was  arranged  so 
that  the  discharge,  just  as  it  was  forming,  could  be  photo- 
graphed upon  a  rapidly  moving  plate.     At  the  same  time  the 
image  of  a  spark  from  a  tuning  fork  whose  point  dipped  in  mer- 
cury was  adjusted  so  as  to  fall  upon  the  plate  side  by  side  with 
that  of  the  discharge.     The  photographs  show  that  the  spark 
passes  directly  across  at  first.     As  each  spark  has  a  tendency 
to  follow  its  predecessor  and  the  air  becomes  heated  causing  an 
upward  current,  the  path  of  the  discharge  rises  upward  little 
by  little  until  it  reaches  its  permanent  condition.     From  the 
period  of  the  tuning  fork  it  was  calculated   that  about  one- 
tenth  of  a  second  was  required  for  this. 

In  the  Chemical  News*  Crookes  has  an  article  on  this  flame 
in  which  he  states  that  it  consists  chiefly  of  nitrogen  burning 
with  the  formation  of  nitrous  and  nitric  acids,  and  that  it  shows 
BO  lines,  but  that  the  spectrum  is  faint  and  continuous.  It  is 
more  probable  though  that  the  conditions  here  are  similar  to 
those  in  a  tube  from  which  a  portion  of  the  air  has  been 
exhausted.  Owing  to  the  heat,  the  air  within  the  aureola 
becomes  rarified  and  partially  conducting.  The  luminosity  is 
caused  by  the  air  being  heated  and  electrified.  Stratifications 
can  be  seen  and  photographs  show  them  distinctly  somewhat 
as  they  are  shown  in  a  vacuum  tube. 

An  examination  of  the  spectrum  with  terminals  of  several 
different  metals,  made  by  means  of  an  ordinary  prism  spectro- 
scope, shows  in  all  cases,  and  as  the  most  prominent  feature,  a 
continuous  background  which  is  very  bright  in  the  red,  yellow, 
and  green,  but  gradually  decreases  in  intensity  until  it  fades 
away  in  the  violet.  The  yellow  sodium  lines  are  always  pres- 
ent, due  to  particles  in  the  air  or  impurities  of  the  electrodes. 
Generally  a  few  of  the  stronger  lines,  which  are  due  to  the  metal 
of  the  electrodes  and  are  ordinarily  seen  in  its  flame  spectrum, 
appear  and  others  which  come  out  only  .occasionally.  With  zinc 
terminals  and  also  with  those  of  aluminum,  the  flame  is  yellow- 
ish in  color  but  has  a  peculiar  bluish-green  core  which  is  very 
intense,  extending  in  streaks  throughout  the  flame.  The  dis- 
charge from  electrodes  of  soft  iron  which  are  small  in  diameter 
presents  a  beautiful  spectacle,  inasmuch  as  the  iron,  because 
?f  its  large  resistance,  becomes  highly  incandescent,  and  bursts 
into  a  brilliant  combustion,  throwing  oflf  luminous  particles  in 
all  directions.     A  banded  structure  from  about  wave  length 
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4:247  to  about  wave  length  4225  came  out  which  appeared  to 
be  the  same  in  the  case  of  all  the  metals  employed.  When 
the  coatings  of  a  large  Leyden  jar  were  connected  to  the  ter- 
minals of  the  secondary,  the  discharge  took  the  form  of 
intensely  brilliant  sparks  following  one  another  in  such  rapid 
succession  and  such  energetic  detonation  as  to  cause  a  jagged 
and  almost  deafening  roar.  In  general  the  spectra  of  the 
metals  employed  in  the  induction  flame  are  less  complete  and 
less  developed  than  their  flame  spectra,  owing  to  the  fact  that 
they  are  obscured  by  the  rather  intense  "continuous  spectrum. 

For  a  more  careful  study  of  the  spectrum  than  the  one  pre- 
viously described,  which  was  made  with  the  naked  eye,  it  was 
necessary  to  have  recourse  to  photography.  To  obtain  the 
photograph  of  this  discharge  a  Rowland  concave  grating  hav- 
ing a  radius  of  21*5  feet  was  employed.  The  upper  half  of 
the  photographic  plate  was  exposed  to  the  spectrum  of  the 
sun's  rays  for  a  comparison  and  the  lower  half  to  that  of  the 
flame  between  the  terminals  of  the  metal  to  be  studied. 

The  plate  upon  which  was  the  spectrum  which  it  was  the 
primary  purpose  of  this  investigation  to  locate,  was  stained 
with  erythrosine  to  make  it  more  sensitive  to  the  rays  at  the 
red  end  of  the  spectrum.  This  staining  also  appears  to 
increase  the  sensitiveness  of  the  plate  for  ultra-violet  rays. 
These  lines  are  in  the  region  where  the  red  of  the  first  spec- 
trum and  the  ultra-violet  of  the  second  overlap,  and  they  begin 
abruptly  at  wave  length  6127'32  in  the  red  and  extend  down 
to  6269-09,  or  at  3063-66  in  the  ultra-violet,  extending  down 
to  3134*55.  Inasmuch  as  the  two  spectra  overlap,  it  was  un- 
certain to  which  spectrum  they  belonged. 

The  first  thing  that  suggested  itself  was  that  these  might  be^ 
due  to  copper  from  the  electrodes.  Yery  few  copper  lines  so 
far  down  in  the  red  are  given  in  the  very  admirable  tables  o  fi 
the  British  Association  Keport."*^  This  fact  renders  it  impos- 
sible to  make  a  comparison  of  any  significance  with  the  lin^  ^ 
given  in  this  region.  The  number  of  copper  lines  given  i-r:^ 
the  ultra-violet  was  much  larger,  but  still  so  much  smaller  tha^H 

the  number  of  lines  upon  the  plate  that  no  comparison  of  an 

value  could  be  made  although  there  were  a  few  cases  of  appro^^ 
imate  coincidence. 

W  ith  a  view  to  ascertain  to  which  spectrum  the  lines  belongc 
various  devices  were  employed.     At  first  plates  stained  wil 
cyanine  were  tried,  and  some  preliminary  experiments  made        \ 
obtaining  the  solar  spectrum  to  get  the  time  of  exposure.  ^ 

was  found  that  an  exposure  of  eighteen  minutes  gave  a  go«:=i^< 


spectrum   extending  into  the  red  far  beyond  the  situation     ^^ 
the  lines  in  question.     Several  plates  were  then  exposed  to  ttie 
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irge  for  an  honr  and  a  half  to  secure  the  lines,  but,  as  no 
were  obtained,  and  none  of  the  ultra-violet  lines  of  the 
spectrum  were  visible,  it  was  suspected  that  the  staining 
jjanine,  while  it  made  the  plate  more  sensitive  to  the  red 
diminished  the  sensibility  to  the  ultra-violet,  and  there- 
bhat  probably  the  lines  sought  were  in  the  ultra-violet. 
tes   stained    with  erythrosine  were  next  tried.     It  was 

that  an  exposure  of  five  minutes  gave  the  ultra-violet 
•um  of  the  sun's  rays  together  with  the  lines  in  the  red, 
I  neighborhood  of.  the  lines  sought  for.  To  obtain  the 
several  exposures  to  the  discharge  of  an  hour  and  a  half 
made  and  a  few  feeble  lines  obtained.  The  time  of 
ure  was  then  increased  to  two  hours.  Upon  develop- 
the  lines  upon  the  first  plate  tried  were  sharp  and  dis- 

The  wave  lengths  were  calculated  as  accurately  as  possi- 
T  means  of  the  comparison  solar  spectrum  and  Rowland's 
;.  This  is  first  done  on  the  supposition  that  they  are  in 
wer  part  of  the  first  spectrum  and  the  result  divided  by 

0  get  their  true  wave  length  in  the  ultra-violet  of  the. 
i  spectrum,  since  it  was  now  regarded  as  almost  certain 
hey  were  ultra-violet  lines  owing  to  the  fact  that  we  did 
^taX\\  them  with  plates  stained  with  cyaninc,  which  makes 

more  sensitive  to  the  red  rays,  and  on  tlie  contrary  did 

1  them  when  the  plates  were  stained  with  erythrosine, 
increases  their  sensitiveness  to  tlie  ultra-violet,  as  was 

D  by  exposing  a  dry  unstained  plate  to  the  sun's  rays 
although  the   ultra-violet  lines  were  visible,  they  were 
iingly  faint. 

i  wave  lengths  as  calculated  by  means  of  Rowland's' charts  of 
lar  spectrum  and  the  comparison  on  the  plate  are  as  follows : 


3063-66 

3086-48 

3105-71 

3063-83 

3087-40 

3106-02 

3064-30 

3089-80 

3106-55 

3065-04 

3089-94 

3109-46 

3065-17 

3090-24 

3110-30 

3066-27 

3091-35 

3112-17 

3068-00 

3091-48 

3113  43 

3068-31 

3092-45 

3114-85 

3069-11 

3092-84 

3115-49 

3070-02 

3070-52 

3094-70 

3117*87 

3070-83 

3095-41 

3118-03 

3072-05 

3096-16 

3122-70 

3078-47 

3096-87 

3124-14 

3080-06 

3098-63 

3130-46 

3080-27 

309953 

3134-55 

3081-65 

3101-20 

3083-35 

3102-13 

3085-25 

3102-35 
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In  the  next  experiment  platinum  electrodes  were  used  in 
order  to  determine  whether  the  lines  were  due  to  copper  or  to 
the  gases  through  which  the  discharge  passed.  This  plate  upon 
development  snowed  exactly  the  same  series  of  sharp  lines. 
Hence  they  must  be  due  to  some  one  of  the  gases,  or  the  oxides 
of  them,  which  occupy  the  intra-polar  space. 

To  settle  the  location  of  the  lines  conclusively  the  camera 
was  adjusted  so  as  to  include  the  region  in  the  first  spectrnm 
in  which  they  were  supposed  to  be.  An  ordinary  dry  plate 
without  staining  was  used  and  an  exposure  of  an  hour  given  it. 
After  the  development  of  the  plate  the  lines  sought  were  seen 
sharp  and  clear,  which  proved  conclusively  that  they  were  in 
the  ultra-violet  of  the  first  spectrum. 

The  work  of  ascertaining  to  what  one  of  the  intra-polar  gases, 
or  oxides  of  them,  the  lines  belonged,  was  next  taken  up.  A 
careful  comparison  of  the  recorded  lines  of  the  hydrogen  spec- 
tra did  not  reveal  any  coincidence.  In  the  Report*  of  the 
British  Association  for  the  Advancement  of  Science  some  lines 
due  to  water  vapor  are  given,  and  a  comparison  with  the  lines 
studied  in  this  investigation  showed  that  a  large  number  of 
them  were  apparently  in  exact  coincidence. 

These  lines  were  discovered  by  W.  Hugginsf  and  also  by 
G.  D.  Liveing  and  J.  DewarJ  at  almost  the  same  time.  Hug- 
gins  exposed  a  photographic  phite  to  the  flame  of  hydrogen 
burning  in  air  for  one  minute  and  a  half  and  was  very  much 
surprised  upon  developing  it  to  find  such  a  strong  group  of 
lines.  He  traced  the  lines  in  this  group  from  wave  lengths 
3062  to  about  3290,  the  upper  limit  of  wliich  is  about  the  same 
as  that  of  the  lines  studied  here  and  the  lower  limit  consider- 
ably below.  Upon  placing  a  spirit  lamp  before  the  slit  of  the 
spectroscope  the  spectrum  is  essentially  the  same,  but,  as  it  is 
less  intense,  only  the  strongest  lines  are  seen. 

In  their  article  Liveing  and  Dewar  give  the  results  of  the 
study  of  some  lines  which  they  had  obtained  and  noted  in  the 
spectrum  of  coal  gas  burning  in  oxygen  when  investigating  the 
spectrum    of   "Compounds   of   Carbon   with    Hydrogen   and 
Nitrogen."     The  group  of  lines  which  they  obtained  extends 
from  wave  lengths  3062  to  about  3210.     The  same  spectrum 
was  given  by  the  electric  spark  taken,  without  condenser,  \\v 
moist  hydrogen,  oxygen,  nitrogen,  and  carbonic  acid  gas,  but^ 
it  disappeared  if  the  gas  and  apparatus  were  thoroughly  dried  ^ 
Hence  they  were  led  to  the  conclusion  that  the  spectrum  wa^ 
that  of  water.     In  conclusion  they  were  not  prepared  to  guar- 
antee that  oxides  of  nitrogen  from  traces  of  air  might  not  hav  ^ 
something  to  do  with  some  parts  of  the  spectrum  here  observec^ 

*1886,  p.  169.  fProc.  Roy.  Soc,  vol.  xxx,  p.  576. 
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In  a  second*  commnnication  to  the  Royal  Society,  "  On  the 
Spectrum  of  Water,"  Liveing  and  Dewar  state  that  the  spec- 
trum which  they  had  iigured  in  the  article  just  mentioned  did 
not  by  any  means  exhaust  the  spectra  of  names  observed  by 
them,  but  that  it  was  as  much  as  they  were  able  at  that  time 
to  trace  to  water  as  its  cause.  In  a  thirdf  article  they  give  the 
results  of  a  very  searching  investigation  of  the  spectrum  of  the 
oxy-hydrogen  flame.  By  making  long  exposures  they  obtained 
photographs  of  the  oxy-hydrogen  flame,  showing  closely  set  lines 
from  wave  lengths  2268  to  4100,  with  traces  of  lines  beyond 
those  limits.  The  whole  spectrum  appeared  to  consist  of  a 
rythmical  series  of  lines,  the  strongest  of  these  series  being  the 
one  first  described. 

Liveing  and  Dewar  refer  to  an  article:]:  by  M.  Deslandres  in 
which  he  states  that  the  first  band  of  the  water  spectrum  (i.  e. 
the  group  beginning  at  wave  length  about  3063)  includes  a 
series  of  rays  which  reproduce,  line  for  line,  at  the  same  dis- 
tance and  with  the  same  relative  intensities,  the  band  A  of  the 
solar  spectrum;  and  that  the  second  band  (i.  e.  the  group 
beginning  at  a  wave  length  about  2811)  includes  a  series  cor- 
responding to  B,  and  that  in  the  third  a  may  be  found  to 
be  reproduced.  Liveing  and  Dewar  were  not  able  to  make 
out  such  an  exact  correspondence  between  the  lines  of  the 
water  spectrum  and  those  of  A,  B,  and  a  as  M.  Deslandres' 
words  seem  to  imply,  but  nevertheless  the  similarity  of  the 
grouping  was  very  remarkable. 

To  study  further  the  question  whether  these  lines  were  due 
to  water  vapor,  or  to  the  effect  of  water  vapor  upon  the  gases 
occupying  the  intra-polar  space,  a  plate  was  exposed  to  the 
discbarge  when  it  took  place  under  special  conditions,  namely 
that  the  upper  half  of  the  plate  should  be  exposed  to  the  dis- 
charge when  it  took  place  in  ordinary  air  and  the  lower  half 
of  the  plate  to  it  when  it  took  place  in  air  containing  a  large 
amount  of  moisture.  For  the  purpose  of  supplying  a  large 
amount  of  water  vapor  to  the  air  about  the  discharge  during 
the  exDosure  of  the  lower  half  of  the  plate,  water  was  boiled  in  a 
glass  nask,  containing  a  cork  stopper  through  which  passed  a 
glass  tube  so  shaped  that  by  its  means  the  issuing  jet  of  steam 
conld  be  easily  directed  into  the  flame. 

In  this  experiment  the  upper  half  of  the  plate  was  exposed 
for  forty-five  minutes  to  the  discharge  in  ordinary  air,  and  the 
lower  half  for  the  same  length  of  time  when  steam  was  sup- 
plied to  it.  In  the  latter  case  the  time  during  which  the  light 
actually  fell  upon  the  slit  of  the  spectroscope  was  not  really  as 

*  Proc.  Roy.  Soc,  vol.  xxxiii,  p.  274. 
+  Trans.  Roy.  Soc.,  vol.  clxiix  (A),  p.  27. 
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great  as  in  the  lirst  case  owing  to  the  fact  that  the  flame  was 
somewhat  disturbed  by  the  jet  of  steam.  Nevertheless,  when 
the  plate  was  developed,  the  lines  npon  the  lower  half  came  oat 
ranch  more  strongly  than  upon  the  upper,  the  only  difference 
being  in  the  intensity,  which  shows  that  if  the  lines  are  not 
directly  due  to  water  vapor,  the  latter  greatly  facilitates  the 
development  of  lines  due  to  the  several  gases  of  the  air,  or 
combinations  of  tiiese  gases,  probably  both. 

Tables  of  wave  lengths  of  the  different  constituents  of  the 
atmosphere  were  next  examined  to  see  if  any  of  the  lines 
given  coincided  with  the  lines  studied.  In  a  note*  regarding 
a  very  careful  search  w^hich  he  made  for  the  line  spectrum  of 
hydrogen  in  the  oxy-hydrogen  flame,  Liveing  states  that  he 
failed  to  find  the  slightest  trace  of  any  one  of  the  hydrogen 
lines.  As  oxygen  is  a  very  large  constituent  of  the  air,  it  was 
very  important  to  make  a  comparsion  of  the  lines  due  to  it,  which 
were  catalogued,  with  these  lines.  There  were  found,  how- 
ever, to  be  no  coincidences,  which  indicates  that  none  of  the 
lines  are  due  to  oxygen. 

Just  before  the  completion  of  this  work  an   article  by  G. 
Berndt   appeared.f     Wliile   studying   the   spectra  of   several 
metals,  Berndt  had  noticed  in  all  of  them  a  banded  spectrum 
extending  from  wave  lengths  5100  to  2000,  a  portion  of  which 
covers  the  region  in  which  the  banded  structure  previously 
described  was  located.     He  concluded  from  his  observations 
that  the  banded  structure  in  the  visible  portion  of  the  spectrum 
of  different  metals  is  dependent  upon  the  presence  of  oxygen 
and  also  suggested  that  the  banded  spectrum  in  the  ultra-violet 
is  due  to  air.     At  the  close  of  his  article  Berndt  publishes  a  list 
of  nitrogen  lines  obtained  by  an  induction  discharge  in  nitrogen 
free   from   oxygen.      Upon  comparing  them  with    the   lines 
studied  in  this  investigation,  a  number  of  apparent  coincidences 
were  seen,  making  it  probable  that  some  of  these  lines  at  leasfc 
w^ere  due  to  nitrogen. 

The   last   experiments   made   were   a   continuation    of   the 
attempt  to  ascertain  if  possible  to  which  one  of  the  intra-polai" 
gases  the  lines  belonged.     As  the  solar  light  in  this  region  is 
very  feeble,  the  light  from  a  voltaic  carbon  arc  was  passed 
through  bulbs  containing  nitrogen  tetroxide,  and  an  attempt 
made  to  secure  the  absorption   lines  due  to  it.     The  lower  half 
of  the   photographic   plate  w^as  exposed  to  the  light  which 
passed  through  the  nitrogen  tetroxide  and  the  upper  half  to 
the  light  from  the  discharge  alone  to  see  if  any  oi  the  lines 
coincided  with  the  absorption  lines  due  to  the  nitrogen  tetrox- 
ide.    Although  several  exposures  of  nearly  two  hours  were 

*  Phil.  Mag.,  vol.  xxxiv,  p.  371. 
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made  to  get  the  absorption  spectrum,  the  lines  obtained  were 
so  feeble  and  so  few  in  Damber  that  it  was  impossible  to  make 
a  comparison  of  any  significance  in  determining  the  coincidences 
with  the  lines  investigated. 

After  considering  the  large  amount  of  work  done  in  the  past 
in  studying  this  strongest  group  of  the  so-called  water  spectrum 
and  also  the  work  done  in  this  investigation,  it  seems  hardly 
possible  that  the  lines  are  due  to  water  vapor  alone,  but  rather 
that  they  are  due  to  the  various  constituent  gases  of  the  air 
and  combinations  of  them  which  are  facilitated  by  the  presence 
of  water  vapor.  On  the  whole,  owing  to  the  small  amount  of 
water  vapor  in  the  air,  the  experiments  seem  to  point  to  the 
conclusion  that  the  lines  of  this  group,  are  due  for  the  most 
part  to  the  nitrogen  of  the  air  and  its  oxides. 

Sloane  Physical  Laboratory,  June  11,  1901. 


SCIENTIFIC     INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  The  Ignition-temperature  of  Phosphorus.— T\iq  temperatures 
given  in  chemical  literature  as  the  point  at  which  phosphorus 
takes  fire  in  the  air  or  in  oxygen  vary  from  38  1  to  75°.  The 
amount  of  moisture  preseut  in  the  air  or  oxygen  prohably  has  a 
great  effect  upon  this  temperature,  as  it  is  well  known  tbat  phos- 
phorus may  be  distilled  in  perfectly  dry  oxygen  without  ignition. 
F.  H.  Eydmax,  Jr.  has  now  made  a  careful  series  ol'  experiments 
with  air,  oxygen,  and  air  diluted  with  an  equal  volume  of  carbon 
dioxide.  These  gases  were  used  in  a  moist  condition,  in  fact 
they  were  made  to  bubble  through  molten  phosphorus  which 
was  under  water  in  a  test-tube.  The  test-tube,  which  contained 
a  thermometer,  was  placed  in  a  flask  of  water,  and  the  latter  was 
gradually  heated  until  the  phosphorus  was  ignited  by  the  gas 
which  bubbled  through.  With  air  the  observed  temperatures  of 
ignition  varied  from  44*9  to  45*4°,  with  an  average  of  45°  ;  with 
®^ygen  the  mean  of  four  closely  agreeing  results  was  45*2 ;  while 
with  the  mixture  of  air  and  carbon  dioxide  two  experiments  gave 
^5°  in  each  case.  The  interesting  conclusion  is  reached  that  the 
'g^ition-point  of  phosphorus  does  not  vary  with  the  concentration 
of  the  oxygen.  The  author  intends  to  extend  his  experiments  by 
using  dry  air  and  oxygen. — Recueil  TVav,  Chim.  Pays-BaSy  xix, 
^01.  H.  L.  w. 

2.  The  Composition  of^^Caro's  Acid?"* — Baeyer  and  Villiger 
have  made  an  investigation  of  this  powerfully  oxidizing  acid, 
which  is  prepared  either  by  treating  a  persulphate  with  con- 
centrated sulphuric  acid,  by  the  electrolysis  of  rather  concen- 
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trated  sulphuric  aoid,  or  by  the  action  of  concentrated  salpharic 
acid  on  hydrogen  peroxide.  These  chemists  were  anable  to 
obtain  the  acid  in  a  pure  state  or  to  prepare  any  salts  of  it,  bat 
by  studying  the  behavior  of  hydrogen  peroxide,  Caro's  acid,  and 

Sersulphuric  acid  they  found  that  the  first  substance  could  be 
etermined  and  destroyed  in  the  presence  of  the  others  by  means 
of  potassium  permanganate,  and  that  Carols  acid  liberates  iodine 
immediately  from  acidified  potassium  iodide  solution,  while  with 
persulphuric  acid  this  liberation  is  very  slow.  By  applying  these 
facts  tney  were  able  to  determine  the  ratio  of  the  oxygen  to  the 
sulphuric  acid  liberated  by  the  acid  under  investigation,  and  the 
conclusion  was  reached  that  it  has  the  composition  represented 
by  the  formula  II^SO .     The  probable  structure  of  the  acid  is 

TT Q 

xTQ_Q^SO,.     The  change  from  persulphuric  acid  to  Carols  acid, 

which  takes  place  gradually  in  solution,  is  as  follows  : 

H,S,0,+H,0  =  H.SO.+H.SO. 

Caro's  acid  is  then  gradually  changed  in  solution  to  salpharic 
acid  and  hydrogen  peroxide  according  to  the  equation, 

H.SO.+H,0  =  H,SO.+H.O,. 

In  the  presence  of  strong  sulphuric  acid  the  last  equation  is 
reversed  to  a  certain  extent,  but  the  product  still  contains  much 
unchanged  hydrogen  peroxide. — Berichte^  xxxiv,  853.     h.  l.  w. 

3.    Vitrified  Quartz. — In  a  recent  discourse  delivered  before  the 
members  of  the  Royal  Institution  in  London,  W.  A.  Shknstone 
exhibited  the  production  of  tubes  and  bulbs  of  fused  silica.     The 
first  stage  of  the  process  consists  in  getting  quartz  into  a  condi- 
tion in  which  it  will  not  fiy  to  pieces  when  heated.     This  is  done 
by  heating  it  in  small  fragments  to  about  1000°  and  throwing  it 
quickly  into  cold  water.     It  then  becomes  white  and  enamel-like, 
and  after  the  treatment  has  been  repeated  it  may  be  thrast  sud- 
denly  into  the  hottest  part  of  an   oxyhydrogen  flame  without 
splintering  to  the  slightest  extent.     Silica  becomes  hot  enough  to 
be  worked  only  above  the  melting-point  of  platinum,  and  it  is 
only  the  hottest  part  of  the  oxyhydrogen  flame,  just  beyond  the 
inner  blue  cone,  where  the  temperature  is  suflicient  for  the  pur- 
pose.    To  produce  tubes  and  other  vessels  from  the  enamel-like 
silica,  two  fragments  of  it  held  in  platinum  forceps  are  heated 
and  pressed  together  until  they  adhere,  then  other  lumps  are 
added,  one  at  a  time,  until  a  rough  rod  is  produced.     This  rod  is 
afterwards  reheated  and  drawn  out  into  a  finer  rod  about  1""  ii* 
diameter.     Some  of  these  fine  rods  are  then  bound  round  a  stoo^ 
platinum  wire,  while  soft,  and  heated  until  their  sides  adhere- 
The  rough  tube  thus  made  is  reheated,  drawn  out  and,  after  beio^ 
closed  at  one  end,  a  bulb  is  blown  in  it.     By  applying  thin  ring^ 
of  silica  to  the  small  bulb,  heating  until  the  silica  begins  to  spread 
and  blowing  out,  it  is  increased  in  size,  and  by  drawing  out  suofct 
bulbs  long  tubes  may  be  prepared.     When  a  silica  tube  has  been 
produced  it  may  be  worked  in  the  flame  as  easily,  though  not  ad 
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aexpensively,  as  glass.  It  raay  be  thickened  by  adding  fresh 
ings  of  silica,  and  all  kinds  of  joints  can  be  easily  made.  In  one 
espect  silica  is  easier  to  work  than  glass.  It  never  breaks  when 
addenly  thrust  into  the  flame,  and  the  finished  apparatus  needs 

0  annealing.  For  this  work  the  eyes  must  be  protected  by  very 
lark  glasses. 

Vitrified  quartz  is  harder  than  feldspar,  but  less  hard  than 
halcedony.  When  cut  with  a  file  it  breaks  like  glass.  Its  con- 
acting  power  for  heat  is  about  equal  to  that  of  glass.  Its  den- 
ity,  2*21,  is  much  lower  than  that  of  quartz,  2*66.  It  has  been 
ound  that  the  coefficient  of  expansion  by  heat  is  only  ^  as 
Teat  as  that  of  platinum,  and  much  smaller  than  that  of  any 
imilar  substance  that  has  hitherto  been  studied.  The  substance 
\  shown  to  be  remarkably  transparent  to  ultra-violet  rays,  hence 
:8  application  to  spectroscopic  work  will  probably  be  important, 
^erhaps  the  most  remarkable  property  of  vitrified  silica  is  its 
esistance  to  sudden  changes  of  temperature.  Water  may  be 
Topped  upon  a  white  hot  rod  of  the  substance,  or  a  similarly 
eated  tube  of  it  may  be  plunged  into  cold  water  or  even  into 
quid  air  without  injury.  It  is  suggested  that  the  material  will 
e  useful  in  the  preparation  of  thermometers,  for  instance,  those 

1  which  tin  is  used  in  the  place  of  mercury,  and  also  for  the  bulbs 
f  air- thermometers.  The  interesting  observation  has  already 
een  made  that  when  oxygen  and  nitrogen  (air)  are  heated  above 
lie  melting-point  of  platinum  in  a  silica  tube,  nitrogen  peroxide  is 
roduced. —  Chem.  N'eios^  Ixxxiii,  205.  u.  l.  w. 

4.  Influence  of  Magnetism  upon  Supersaturated  Solutions. — 
Lttempts  by  A.  de  Hemftinne  to  produce  the  crystallization  of 
upersaturated  solutions  and  supercooled  fusions  by  exposure  to 
.  strong  magnetic  field  were  in  every  case  failures.  By  indirect 
aeans  it  was  shown  that  crystalline  substances  in  saturated  solu- 
ion  showed  a  distinct  orientation  in  this  field  ;  hence  it  is  con- 
dnded  that  crystallization  in  these  cases  does  not  depend  upon 
lie  orientation  of  the  molecules. — Zeitschr,  physikaL  Chem,y 
cixvii,  223.  h.  l.  w. 

5.  The  Preparation  and  Properties  of  Ammonium  Cyanate, — 
rbis  salt  was  not  obtained  as  a  solid  in  a  pure  condition  by  Liebig 
ttid  Wohler,  on  account  of  its  transformation  into  urea.  Walker 
ind  Wood  have  recently  succeeded  in  preparing  this  famous  salt 
►y  mixing  solutions  of  cyanic  acid  and  ether  at  —17°,  and  also 
>y  mixing  the  gases  diluted  by  air.  It  is  a  colorless  salt  which 
*  readily  soluble  in  water,  and  this  solution  gives  the  reactions 
or  the  cyanate  and  ammonium  ions.  Upon  heating  it  fuses  at 
O^,  but  then  becomes  solid  again,  being  changed  to  urea. — 
^our,  Chem,  SoCy  Ixxvii,  21.  h.  l.  w. 

6.  Detection  of  Selenium  in  Sulphuric  Acid.-^lt  has  been 
Ound  by  Jouve  that  crude  acetylene  gas  furnishes  a  very  delicate 
^t  for  selenium  in  sulphuric  acid  by  precipitating  it  in  the  ele- 
mentary condition.  He  states  that  a  red  coloration  can  be  observed 
^hen  the  acid  contains  only  one  part  of  selenium  in  100,000,  while 
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the  test  with  sulphurous  acid  is  only  about  one-tenth  as  delicate. 
The  sensitiveness  of  the  reaction  is  increased,  as  far  as  the  rapid- 
ity of  the  coloration  is  concerned,  if  the  acetylene  contains  hydro- 
chloric acid  fumes.  —  Cheni.  Newa^  Ixxxiii,  243.  h.  l.  w. 

7.  Qualitative  Chemical  Analysis^  Organic  and  Inorganic ; 
by  F.  MoLLWO  Perkin.  8vo,  pp.  viii,  266.  London,  1901 
(Longmans,  Green  &  Co.). — This  is  an  elementary  text-book  that 
is  unusually  full  in  respect  to  the  explanations  and  chemical  equa- 
tions that  are  given,  and  good  judgment  has  been  used  in  the 
selection  of  the  analytical  methods  that  are  employed.  The  book 
presents  a  novel  feature  in  including  a  treatment  not  only  of  the 
more  common  organic  acids,  but  also  a  variety  of  other  organic 
substances,  such  as  aldehydes,  alcohols,  acetone,  glycerol,  several 
sugars,  starch,  a  few  bases  and  glucosides,  and  about  a  dozen  of 
the  more  important  alkaloids.  h.  l.  w. 

8.  Viscosity  of  Argon, — Lord  liayleigh  obtained  the  value 
1*21  for  the  frictional  coefficient  of  argon  at  ordinary  tempera- 
ture. Hugo  Schultzb,  thinking  that  the  apparatus  employed  by 
Lord  Rayleigh  was  not  suitable  for  obtainmg  extreme  accuracy, 
has  made  new  determinations.  Extraordinary  care  was  taken  in 
cleaning  the  glass  of  the  apparatus  and  in  purifying  the  argon. 
It  was  possible  to  force  the  argon  back  and  forth  through  the 
glass  tubes,  and  to  measure  the  time  of  flow  with  accuracy.  The 
gas  was  also  heated  in  a  well  devised  calorimeter  and  a  much 
improved  manometer  of  water  in  combination  with  mercury  was 
employed.  The  relative  value  obtained  by  the  author  is  a  little 
larger  than  that  obtained  by  liayleigh.  Tables  are  given  of  the 
relative  values  of  the  coefficient  with  reference  to  air.  The  tem- 
peratures varied  from  15°  C.  to  188"  C. — An7i,  der  Physiky  No.  5, 
pp.  140-165.  J.  T. 

9.  Conductivity  produced  hi  Hydrogen  and  Carbonic  Acid 
Gas  by  the  Motio?i  of  Negatively  Charged  Ions, — This  subject, 
has  been  studied  by  Professor  Townsend  and  Mr.  P. «].  Kirkb^s: 
by  the  aid  of  the  Rontgen  rays,  which  were  allowed  to  fall  on 
the  gases  contained  between  two  parallel  plates — maintained 
various  differences  of  potential.  The  authors  conclude  that 
negative  ion  makes  11*5  collisions  per  centimeter  in  hydrogen 
jram  pressure,  and  29  collisions  per  centimeter  in  carbonic  acid  ga® 
at  the  same  pressure.  It  was  found  that  the  mean  free  path  of 
an  ion  is  longer  than  the  mean  free  path  of  a  molecule  in  tbe 
following  ratios : 

4*8  :  1  in  hydrogen. 

4'6  :  1  in  carbonic  acid  gas. 

4*3  :  1  in  air. 

—Phil  Mag,,  June,  1901,  pp.  630-642.  j.  t. 

10.  Electromotive  Force  of  the  Clark-  arid  the  Weston -Cell. — 
An  exhaustive  examination  of  the  constancy  of  the  electromo- 
tive force  of  these  elements  has  been  made  at  the  Reichsanstalt, 
by  W.  Jakger  and  S.  R.  Lindeck.  This  result  of  their  work 
shows  that  the  criticisms  of  Cohen,  in  regard  to  an  instability  of 
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sadmiam  sulphate  and  cadmium  amalgam  in  the  proportions 
employed  in  the  cells  used  at  the  Reichsanstalt,  are  not  well 
'ounded,  at  least  when  the  thirteen  and  twelve  per  cent  amalgam 
s  employed. — Ann,  der  Physik^  No.  5,  pp.  1-60.  j.  t. 

11.  Electrical  Flow  in  Gases, — L.  Stark  gives  a  theoretical 
liscussion  of  this  subject  in  which  he  shows  under  what  condi- 
ions  Ohm's  law  does  not  apply  to  electrical  discharges  in  Plucker 
ables.  The  streaming  and  the  phenomena  of  stratification 
lepend  upon  the  rate  of  arrival  and  departure  of  ions — also  upon 
he  amount  of  ionization  and  mobilization.  Ohm's  law  holds  for 
hat  portion  of  the  discharge  in  which  the  ionization  remains  con- 
tant.  In  general  there  are  only  portions  where  this  is  true.  In 
he  neighborhood  of  the  electrodes  on  account  of  the  transport  of 
ree  ions  by  the  streaming  the  ionization  is  lowered.  This  happens 
tspecially  at  the  cathode.  In  metallic  conductors  the  force  lines 
loincide  with  the  stream  lines.  This  is  not  true  in  the  case  of 
electrical  discharges  in  gases.  The  author  discusses  also  the 
nner  electromotive  force  developed  in  electrical  discharges.  He 
ilso  takes  issue  with  Professor  J.  J.  Thomson  theory  of  stratifica- 
ion. — Ann.  der  Physik.,  pp.  89-112,  No.  5,  1901.  j.  t. 

12.  A  Treatise  07i  Electro- Magjietic  Phenomena  and  07i  the 
Compass  a?id  its  Deoiatio7is  aboard  Ship  ;  7/iaihematical,  theoretic 
xi/,  and  practical ;  by  Commander  T.  A.  Lyons,  U.  S.  Navy. 
Volume  I,  pp.  XV  and  556.  New  York,  1901  (John  Wiley  & 
Sons).  —  The  author  has  undertaken  the  preparation  of  an 
exhaustive  treatise  upon  the  use  of  the  magnetic  needle  on  ship- 
board. This  is  a  subject  of  the  greatest  importance  as  well  as  of 
very  general  interest,  and  one  which  it  is  difficult  to  find  ade- 
quately treated  in  any  single  volume.  We  have  before  us  the 
liscussion  of  the  physical  subjects  which  form  the  basis  of  the 
practical  discussion  which  is  to  follow.  In  order  to  bring  out 
;learly  the  nature  of  the  periodic  changes  that  take  place  in  the 
earth's  magnetism,  as  well  as  the  complex  relations  of  magnetism 
md  electricity  in  general  to  the  ether,  the  author  has  begun  with 
he  foundation  subjects  and  treats  them  in  a  familiar  and  popular 
^ay,  so  as  to  be  intelligible  to  one  whose  studies  have  not  been 
definitely  along  this  line.  For  example,  ho  treats  of  wave  motion 
generally,  from  the  sound  wave  to  those  of  Hertz,  and  in  the 
part  of  the  volume  following,  discusses  not  only  the  magnetism 
of  the  earth,  and  the  methods  of  determining  magnetic  elements, 
^^it  also  the  phenomena  of  magnets  and  magnetic  fields  in  general. 
The  second  volume,  which  is  to  contain  the  discussion  proper, 
^i^l  be  awaited  with  interest. 

II.    Geology  and  Natural  History, 

1.  The  Eocene  Deposits  of  Maryland,  by  William  Bullock 
Clark  and  George  Curtis  Martin,  pp.  1-92;  and  Systematic 
Pdleontoloyy,  by  Messrs.  Case,  Eastman,  Ulrich,  Clark,  Martin, 
Vaughan,  Bagg,  Hollick.     Pp.  93-331,  Plates  L-Lxiv.     Mary- 
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land  Geological  Survey.  Baltimore,  1901. — The  authors  of  the 
first  paper  have  drawn  the  distinction  between  stratigraphio  and 
paleontologic  units;  but  as  they  state,  "the  former  are  desig- 
nated as  formations  and  members,  the  latter  as  stages  and  sub- 
stages.  As  their  limits  are  the  same  the  same  name  is  employed 
for  each."     Names  are  given  in  the  following  table: 

Group.  Formations  or  stages.        Members  or  substages. 

f  XT     •  (Woodstock 

Nanjemoy  ]  Potanaco 
Pamunkey.             ^  rotapaco 

!   Aquia.  i  Paspotansa 

I  I  Piscataway. 

The  several  members  or  substages  are  still  further  divided  into 
zones  from  which  the  faunules  are  obtained  which  are  listed. 

The  zones  are  apparently  discriminated  on  a  lithologio  basis 
and  grouped  together  on  a  paleontologic  basis  into  members.  The 
details  are  carefully  worked  out  and  the  results  are  well  arranged. 
The  only  criticism  the  writer  would  suggest  is  that  the  discnmi- 
nation  between  formation  and  fauna  is  not  carried  far  enous^h  to 
exhibit  the  full  value  of  the  fossils  in  correlation. 

If  the  combination  of  species,  called  substages,  is  supposed  to 
be  restricted  to  the  formational  divisions,  called  members,  then 
the  paleontological  statistics  may  serve  to  identify  the  members; 
but  if  the  species  instead  of  stopping  their  existence  migrated 
at  the  end  of  each  member,  the  true  value  of  the  species  in  corre- 
lation is  not  reached  by  applying  the  same  name  to  the  forma- 
tional members  and  to  the  launal  substages. 

The  paleontological  part  has  been  (as  it  should  be)  assigned  to 
specialists.  The  whole  fully  keeps  up  the  reputation  these  reports 
have  held  from  the  beginning  of  the  new  administration. 

H.  s.  w. 

2.  Afuiual  Report  of  the    Geological  Survey  of  Arkansas  fot 
1892,     Vol.  V.  The  Zinc  and  Lead  Region  of  North  Arkansas  ; 
by  John  C.  Branner,  State  Geologist.     Pp.  1-395,  plates  1-38, 
and  figs.  1-92.     Little  Rock,  1901. — An  appropriation  made  by 
the  Arkansas  legislature  in   1899  provided  for  the  publication  of 
this  volume,  the  investigation  for  which  was  completed  before  tli® 
official  termination  of  the  Survey  in  1893. 

The  chief  part  of  the  volume  is  concerning  the  zinc  and  lea^l 
deposits  of  northern  Arkansas.  These  ores  were  originally 
deposited  in  sedimentary  beds  of  the  Ordovician  age,  and  \>y 
infiltrating  waters  were  carried  through  fissures  to  form  secondary 
deposits  in  cavities  in  rocks  of  later  age. 

The  Paleozoic  faunas  of  northern  Arkansas,  Chapter  vii,  pp^ 
208-362,  by  Henry  S.  Williams,  is  here  published  for  the  first 
time.  The  report  was  prepared  during  the  progress  of  the  Sur- 
vey, its  detention  having  been  caused  by  lack  of  appropriations 
for  its  publication.  The  report  contains  a  classification  of  the 
Paleozoic  formations  of  the  northern  part  of  the  State,  with  lists 
of  the  contained  faunas,  and  discussion  of  several  complex  strati- 
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raphic  problems,  one  of  which  coocerns  the  geological  horizon 
t  the  manganese  deposits.  h.  s.  w. 

3.  Summary  Report  on  the  operations  of  the  Geological  Stir- 
9y  of  Canada  for  the  year  1900 ;  by  George  M.  Dawson, 
deputy  and  Director.  Pp.  1-203.  Ottawa,  1901. — This  last 
iport  of  the  late  director,  issued  after  his  death,  exhibits  the 
nstomary  energy  and  progress  of  the  Survey  in  developing  the 
eological  resources  of  the  Dominion. 

The  commercial  value  of  mica  and  molybdenite  has  led  to  their 
pecial  examination  by  experts.  The  mica  (phlogopite)  of  Que- 
eo  and  Ontario  is  of  special  value  for  electrical  purposes;  but 
[le  most  satisfactorv  market  is  shown  to  be  the  United  States 
nd  not  Great  Britain.  Molybdenite  samples  subjected  to  criti- 
al  test  show  that  cobbing  and  hand-picking  may  be  carried  on 
rith  the  ordinary  ores  proBtably,  but  when  the  ore  is  of  low 
rade,  rolling,  screening  and  jigging  are  not  economically  suc- 
essful. 

Salt  is  reported  from  the  **  Medina  formation"  in  a  well  near 
•t.  Gr^goire,  Beauce  Co.,  Quebec. 

The  Crows  Nest  coal  field  is  estimated  to  contain  22  billion 
ons  of  possibly  workable  coal.  The  coal  is  of  Cretaceous  age, 
tod  has  excellent  coking  qualities  with  small  percentage  of  ash. 
\  similar  Cretaceous  coal  area  has  been  discovered  between  the 
>5th  and  57th  parallels  of  latitude  in  British  Columbia ;  and 
mthracite  has  been  found  in  the  region  of  the  head  waters  of  the 
^keena  and  Stikine  Rivers.  The  fuel  near  Forty  Mile  Creek  on 
.he  Yukon  is  Tertiary  lignite,  but  samples  of  anthracite  are 
reported  from  a  locality  west  of  Lake  Marsh. 

Study  of  the  formations  of  the  Brockville  map-sheet  (Ontario) 
las.  revealed  the  fact  that  fossils  referred  to  iu  earlier  reports  as 
)btained  from  beds  of  Potsdam  age,  are  found  in  what  are 
iDown  as  transition  beds  between  the  sandstone  and  the  lime- 
tone.  The  best  specimens  were  obtained  "  from  weathered  snr- 
aces  of  a  siliceous  limestone  which  represents  the  base  of  the 
!^alciferous  formation." 

Investigations  in  the  Cambro-Silurian  slate  region  of  York  and 
i^arleton  Counties,  New  Brunswick,  have  developed  the  fact  that 
tie  fossiliferous  Silurian  rocks  overlie  discordantly  the  Cambro- 
Hhrian  slates;  and  Cambrian  fossils  have  been  found  in  black 
hales  near  Benton,  Carlton  Co.,  belonging  apparently  to  the 
over  series.  Nevertheless  a  satisfactory  solution  of  the  difficult 
^tratigraphical  problem  is  not  yet  reached. 

The  Arisaie  formations  have  received  special  study  with  the 
f'^sult  of  their  reduction  to  four  divisions,  to  which  the  names 
^tonehouse,  Moydart,  McAdam  and  Arisaig  formations  are 
applied.  H.  s.  w. 

4.  A  revision  of  the  genera  and  species  of  Canadian  Paleozoic 
Corals — the  Madreporaria  aporosa  and  the  Madreporaria  rugosa  ; 
V  Lawrence  M.  Lahbe.  Geological  Survey  of  Canada,  Con- 
tributions to  Canadian  Paleontology,  Vol.  IV,  Part  II,  pp.  97-197, 
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plates  vi-xviii.  Ottawa,  1901. — The  paleontologic  and  literary 
part  of  this  report  leave  nothing  to  be  desired,  and  the  drawings 
are  admirable  portrayals  of  the  characteristics  of  the  species 
drawn  by  the  author  and  thus  having  all  the  value  of  scieotific 
definition.  A  few  notes  regarding  correlation  are  of  importance. 
It  is  suggested  by  Dr.  Whiteaves  that  "  American  stringoceph- 
alus  zone ''  be  applied  to  the  Manitoba  horizon  to  avoid  confusion 
with  the  European  zone  of  that  genus  (p.  104).  Attention  is 
called  (p.  124)  to  Billings' identification  of  the  Gasp6  limestone, 
No.  8  of  Indian  Cove,  Gasp6,  *'  as  nearly  of  the  age  of  the 
Oriskany  sandstone."  The  application  of  "  Lower  Helderberg  " 
to  the  fauna  of  L'Anse  tt  la  Barbe,  Bale  des  Chaleurs,  Que.,  is 
commented  on  ;  the  opinion  of  Dr.  Whiteaves  cited  that  the 
limestone  seems  to  be  most  nearly  equivalent  to  the  Guelph 
formation  of  Ontario,  Ohio  and  Wisconsin  (see  foot-note,  p.  129), 
and  the  remark  is  made  that  the  term  Lower  Helderberg  has 
been  used  in  part  I  of  this  volume,  "  in  a  sense  as  comprehensive 
as  that  evidently  implied  by  the  term  in  the  'Geology  of 
Canada.' "  This  comprehensive  use  of  the  term  should  be  con- 
sidered in  reading  the  review  of  the  writer  on  the  first  volume. 
(See  this  Journal,  ix,  p.  155,  1900.)  h.  s.  w. 

5.   The  structural  relations  of  the  Aniygdaloidal  Melaphyre  in 
Brookline^  Newton  and  Brighton^  Mass,  ;  by  Hbnry  T.   Burr. 
Bull.  Mus.  Comp.  Zool.  at  Harvard  College,  Vol.  38,  Geol.  series, 
Vol.  V,  No.  2. — This  paper  once  more  brings  to  our  notice  the 
dispute  regarding  the  structural  relations  of  the  melaphyres  of 
the  Boston  Basin  and  the  associated  sedimentary  rocks.    Mr.  Burr 
concludes,  from  observations  made  in  the  field,  that,  for  the  area 
studied,  the  beds  of  melaphyre  are  strictly  intrusive  in  character; 
and  in  so  doing  he  takes  very  decided  and  pointed   exception  to 
the  views  of  Prof.  W.  O.  Crosby,  who,  as  is  well  known,  considers 
the  main   beds,  at  least,  to  be  unquestionably  contemporaneous 
flows.     The  facts  upon  which  Mr.  Burr  bases  his  main  conclusions 
are:     '*  1.  The  conglomerate  associated  with  the  melaphyre  con- 
tains no   fragments  of  it.     2.  The  contacts,  wherever  found,  are 
igneous  in  character.     3.  The  melaphyre  is  seen  in  contact  with 
sediments  varying  from  the  coarsest  of  the  conglomerate  to  the 
finest  of  the  slate.     4.  The  distribution  of  the  melaphyre  showsit 
to  be  discordant  with  the  structure  of  the  sediments  under  any 
interpretation  of  the  latter  that  has  been  offered."     In  the  May 
number  of  the  American  Geologist,  Prof.  Crosby  has  taken  occa- 
sion to  call  into  question  some  of  Mr.  Burr's  statements  and  con- 
clusions and  to  present  again  the  arguments  in  favor  of  the  con- 
temporaneous character  of  the  melaphyre.     He  calls  attention  to 
the  fact  that,  contrary  to   Mr.  Burr's  statement,   fragments  of 
melaphyre  are  found  in  the  overlying  conglomerate;  and  shows, 
we  think,  very  clearly,  that,  so  far  as  the  character  of  the  con- 
tacts and  the  other  relations  to  the  associated  sedimentaries  are 
concerned,  the  melaphyres  are  as  well  considered  contemporane- 
ous as  intrusive  sheets.     He  points  out  that  the  main  melaphyre 
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beds  have  all  the  characteristics  of  lava  flows,  and  raises  the  very 
pertinent  question  why,  if,  as  is  claimed,  the  melaphyre  and  trap 
dikes  of  the  region  are  petrographically  hardly  distingnishable 
rocks,  we  flud  a  huge  dike  of  melaphyre  amygdaloidal  and  scoria- 
ceous  in  texture,  while  a  three-foot  dike  of  trap  is  a  dense,  holo- 
crystalline  rock.  Attention  is  also  called  to  the  significant  pres- 
ence of  well  defined  beds  of  tuff,  a  fact  entirely  overlooked  by 
Mr.  Burr.  In  the  light  of  these  and  other  facts  brought  out  by 
Prof.  Crosby  it  would  seem,  even  to  the  casual  reader,  that  the 
weight  of  evidence  is  overwhelmingly  in  favor  of  a  contemporane- 
ous origin  and  that  Mr.  Burr's  paper  is  thus  the  unintentional 
cause  of  strengthening  an  exactly  opposite  conclusion  from  the 
one  given  in  the  paper  itself. 

In  view  of  the  fact  that  Prof.  Crosby  had,  some  twenty  years 
ago,  fully  described  the  "  new  interpretation  "  of  the  structural 
relations  of  the  Chestnut  Hill  slates  to  the  northern  conglomerate, 
now  presented  by  Mr.  Burr,  the  word  "  new  "  seems,  to  say  the 
least,  rather  superfluous.  c.  h.  w. 

6.  Sul  Periodo  di  forte  Attivita  esplosiva  offerto  nei  rnesi 
ApHle-Maggio  1900  dal  Vesuvio;  par  R.  V.  Matteucci.  Boll 
della  Soc.  Sism.  Ital.,  Vol.  vi,  8**,  110  pp.,  6  pi.,  1901.— This  volume 
gives  a  detailed  account  of  the  phenomena  and  products  attend- 
ing the  period  of  explosive  activity  of  Vesuvius  at  the  time  men- 
tioned. The  author  begins  with  a  general  description  of  the 
phenomena  of  the  explosions,  discusses  their  frequency  and  de- 
scribes their  effects  on  the  crater,  etc.  He  then  discusses  the 
material  ejected,  the  powder  and  sands,  the  lapilli,  scoria,  bombs 
and  solid  blocks,  each  of  which  is  made  the  object  of  particular 
study.  An  immense  quantity  of  these  blocks  were  ejected,  a 
photograph  being  given  of  one  containing  twelve  cubic  meters  of 
material.  Chemical  determinations  show  that  the  ejected  matter 
was  somewhat  lower  in  silica  than  previous  eff'usions  of  the  vol- 
cano. Some  calculations  of  the  force  involved  in  projecting  the 
large  block  mentioned  above  are  also  given,  showing  that  it 
reached  an  altitude  of  about  300  meters.  The  work  closes  with 
a  discussion  of  volcanic  explosions,  both  former  ones  of  Vesuvius 
aud  of  other  volcanoes  as  well. 

The  plates  are  very  beautiful  and  interesting  heliotype  repro- 
ductions of  instantaneous  photographs,  showing  the  form  and 
development  of  the  smoke  cloud  from  the  great  vapor  puffs  in 
different  stages  and  the  swarm  of  projected  blocks  in  mid-air. 
The  work  as  a  whole  is  an  excellent  contribution  to  the  study  of 
volcanic  outbreaks  in  general  and  to  the  history  of  Vesuvius  in 
particular.  l.  v.  p. 

7.  Der  Vulcan  JStinde  in  Kamerun  iind  seine  Gesteiiie ;  von 
E.  EscH.  Sitzber.  d.  k.  preuss.  Akad.  d.  Wiss.  zu  Berlin,  phys. 
mat.  Classe  1901,  xii  and  xviii,  pp.  41,  figs.  22. — Etinde  is  one  of 
Lbe  smaller  volcanos  of  the  Cameroon  Mts.,  a  volcanic  group  cov- 
?riDg  some  150  square  kilometers,  close  on  the  coast  of  western 
Central  Africa,  and  whose  highest  peak  attains  an  altitude  of 

Am.  Jour.  Sci.— Fourth  Series,  Vol  XII,  No.  67.— July,  1901. 
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13,700  feet.  The  volcano  is  greatly  eroded  and  is  oue  of  the 
oldest  of  the  group.  Its  age  cannot  be  exactly  told,  but  the  tuffs 
and  ashes  of  the  group  cover  sediments  of  Upper  Cretaceous  age 
and  contain  plant  remains  representing  the  present  flora. 

The  chief  interest  lies  in  the  igneous  rocks  which  form  the 
lavas  of  the  mountain.  They  are  of  highly  alkaline  ty)>es,  and 
among  them  are  represented  leucitite  with  phenocrysts  of  nephe- 
lite,  hauynite  and  augite,  occasional  pyrite  and  perofskite  m  a 
groundmass  of  leucite,  nephelite  and  augite,  witn  some  apatite 


SiOa  AUOs  FeaOs  FeO  MnO  MgO  CaO  Na^O  K,0  HaO  P,0.  TiO,  SO,  CI  CO, 

li46-48  1900     4  74  2*30     tr.    249     435  8  46  678  331      16  122     -IS*    08  '36=  99-91 

2  4010  16-27   10  13   1-86     08    4  59   12  08  4  78  3-34  2  93      87  364 -23=  99-8J 

3  39-97  17  30     741  305     09    382   10-63  614  3  66  4  11      84  3-34     '06  '14    33=  9988 

4  39-30  13-66     7*42  4-45     08    446  11-37  5-78  144  453     -85  3*62  2.17    48  '15=  99-^6 
6  39-37   16-50     228  797    -06    4  48   10  22  473  338  477     '13  3*31   2*14  '09  -64=10001 
6  38-39  12-64     740  615    '02    646   1417  4-35  244  1-62  116  444     '47  -37   •23=100-31 
•7  40-16   17-32     7-25  400     08    443   11-78  6-99  3.78  MS     '71  3*21      —    —  •16=100-88 

I,  Leucitite;  2,  Leucite  nephclinite;    3,  Leucite  Dephelioite,  incIudiDg  ZrOs='20; 
4,  Hauynopbyre;  5,  llauynophyre;  6,  Nephelinite.  of  a  special  variety;    7,  Normtl 
nephelinite,  including  ZrOa=-35.     All  analyzed  by  Dr.  Max  Dittrich. 

and  perofskite.  Leucite  composes  about  one-half  the  rock.  Leu- 
cite nephelinite  also  occurs,  composed  of  augite,  apatite  and  ores 
in  a  groundmass  of  augite,  leucite  and  nephelite,  the  latter  pre- 
dominating. Hauyno])hyres  occur  containing  phenocrysts  of 
hauynite,  augite  and  ore  grains  in  a  groundmass  much  like  those 
just  mentioned.  A  nephelinite  of  a  special  variety  in  which  the 
nephelite  in  the  groundmass  is  not  fully  individualized  is  also 
described.  Phenocrysts  of  augite,  hauynite,  apatite  and  titanite 
lie  in  a  clear  colorless  base  with  micro! ites  of  augites  and  ore 
grains.  The  colorless  base  is  held  to  be  partly  individualized 
nephelite.  Nephelinites  of  normal  type  are  also  described  and 
the  twinning  and  optical  properties  of  the  larger  individuals  is 
made  a  special  study.  The  accompanying  table  of  analyses  will 
be  of  interest  to  petrographers.  l.  v.  p. 

8.  Sondre  Helgeland  af  J.  II.  L.  Vogt.  (Norges  Geologiske 
UndersOgelse  No.  29,  1900,  Kristiania,  8°,  180  pp.,  I  map,  21  figs.) 
— This  work  is  devoted  to  an  account  of  the  geology  of  Helge- 
land, the  southern  part  of  the  district  of  Nordland  in  northern 
Norway.  With  the  exception  of  a  small  area  of  Archean  the 
region  is  composed  of  metamorphic  schists  and  limestones,  prob- 
ably of  Cambrian-Silurian  age.  The  author  divides  the  metamor- 
phosed sediments  into  mica  schist,  marble,  and  a  later  gneiss.  la 
addition  there  are  extensive  areas  of  eruptive  rocks  consisting 
mainly  of  soda  granite  and  gabbro.  Sometimes  these  are  strongly 
stretched  and  squeezed  and  are  then  held  to  have  been  injected 
previous  to  the  final  dynamic  foldings  which  gave  birth  to  the 
mountain  chains;  sometimes  they  are  in  normal  condition  and  are 
then  held  to  be  of  contemporaneous  or  later  age. 
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A  careful  stady  of  the  morphology  of  the  region  is  given  by 
the  author,  the  quaternary  geology  by  him  and  Rekstad,  and 
the  work  is  concluded  with  an  account  of  the  silver  ore  veins  of 
Svenningdalen. 

A  r^8um6  in  German  is  given  at  the  end.  The  work  through- 
out is  full  of  the  suggestiveness  in  ideas  and  thoroughness  in 
details  that  are  characteristic  of  the  author.  l.  v.  p. 

9.  Classification  of  Igneous  Rocks. — E.  von  Fbderov,  in  an 
article  published  in  the  Journal  of  the  Mineralogical  Society  of 
St.  Petersburg  in  1900,  page  395,  gives  a  method  for  the  classifi- 
cation of  igneous  rocks  in  which  he  endeavors  to  show  that  it  is 
possible  to  divide  all  of  the  eruptive  rocks  into  types  and  classes 
oy  assigning  to  them  simple  symbols  like  those  used  in  crystal- 
lography. 

In  considering  the  general  chemical  composition  of  rocks  in  the 
order  of  the  oxides,  1,  R,0;  2,  RO  ;  3,  R,0, ;  4,  R0„  it  be- 
comes evident  that  all  of  the  ordinary  rock-making  minerals  may 
be  expressed  by  symbols  of  four  numbers.  Thup,  quartz  (0001), 
corundum,  hematite,  etc.  (0010),  spinel,  magnetite  (0120),  olivine 
(0201),  diopside  and  actinolite  (0101),  garnet  (0323),  biotite  (1223), 
phlogopite  (1313),  anorthite  (0122),  orthoclase  and  albite  (1013), 
leucite  and  aegirite  (1012),  nepbelite  (8089). 

The  reckoning  of  the  different  compositions  is  based  on  a  reg- 
ular tetrahedron  whose  summits  are  the  points  (1000),  (0100), 
(0010),  (0001);  the  center  of  the  facesare  the  points  (01 11),  (1011), 
(1101),  and  (1110);  the  center  of  the  edges  (1100),  (1010),  (1001), 
(0110),  (0101),  (0011),  whilst  the  center  of  the  tetrahedron  is 
(1111). 

Using  these  points  the  tetrahedron  can  be  divided  into  24 
sphenoids,  to  whose  centers  there  correspond  24  typical  composi- 
tions. Of  these  fundamental  types  of  chemical  composition  only 
four  are  represented,  those  having  the  symbols  (1423),  No.  i, 
(1324)  No.  II,  (1234)  No.  Ill,  and  (2134)  No.  iv.  No.  1  is  repre- 
sented by  the  periodotiteSy  No.  2  by  rocks  of  the  gabhro  group, 
No.  3  by  rocks  of  the  diorite  and  diabase  groups,  and  No.  4  by 
rocks  of  the  grafiite  and  syenite  groups. 

The  division  of  the  types  into  classes  is  done  by  dividing  the 
sphenoids  into  24  sphenoids  of  the  third  order.  By  the  aid  of 
toe  principles  of  zonal  crystallography  the  author  explains  the 
process  to  be  followed  to  obtain  the  chemical  composition  when 
the  indices  corresponding  to  the  third  order  are  given,  and  how  to 
determine  if  this  composition  is  a  typical  one  (represented  by  an 
interior  point  of  the  sphenoid),  one  intermediate  between  the 
classes,  one  of  transition  between  the  great  types,  or  an  extreme 
rock. 

The  author  shows  how  these  may  be  determined  by  graphic 
methods  and  makes  a  number  of  applications  of  his  system.  The 
main  body  of  the  text  is  in  Russian,  but  a  short  resume  in  French 
permits  the  salient  features  of  the  article  to  be  understood  by 
those  who  are  not  versed  in  that  language.  l.  v.  p. 
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1 0.  Bolethi  del  Instituto  Oeologico  de  Mexico,  Num.  1 8,  JLas 
Rhyolitas  de  Mexico.  Priinera  parte,  por  Ezequibi.  Ordeji^sz, 
Mexico,  1900,  4°,  75  pp.,  1  map. — This  bulletiD  is  the  first  of  a 
series  to  be  issued  oq  the  eruptive  rocks  of  Mexico.  The  aim  of 
the  series  is  to  make  kuown  the  great  number  of  varieties  of 
rocks,  their  geographical  distribution  and  field  relations,  their 
physiographic  features,  and  economic  importance  as  building 
material  and  soil.  It  is  also  expected  to  bring  about  unifoi*mity 
in  the  petrographic  nomenclature  of  Mexico.  The  first  part  of 
the  bulletin  is  devoted  to  historical  notes,  principal  nubdivisions 
of  the  rhyolite  family,  macroscopic  characters  of  the  rhyolitesand 
geographic  distribution  of  the  rhyolites  in  Mexico.  The  second 
and  greater  part  is  devoted  to  the  description  of  various  localities 
under  the  following  four  heads  :  (1)  The  "  Bufas,"  (2)  The  Nava- 
jas,  (3)  Other  regions  of  the  Central  Plateau,  (4)  The  western 
Sierra  Madre.  The  term  *'  bufa,"  for  many  years  applied  by  the 
miners  in  the  region  about  Guanajuato  and  Zacatecas  to  curiously 
shaped  masses  of  rock  crowning  the  summits  of  prominent  points, 
is  adopted  by  the  writer  to  designate  these  isolated  erosiou  rem- 
nants of  rock  of  a  rhyolitic  nature.  The  bulletin  closes  with  a 
chapter  upon  the  age  of  the  rhyolites  and  a  resume  in  French. 

Points  of  general  interest  are :  the  great  distribution  of  the 
rhyolites,  surpassed  only  by  the  andesites,  in  a  belt  reaching 
southward  from  the  northern  boundary  of  the  country  through 
the  western  Sierra  Madre  into  the  Central  Plateau  to  the  vicinity 
of  the  city  of  Mexico ;  the  greater  part  of  them  were  erupted 
from  the  end  of  the  Miocene  to  the  middle  of  the  Pliocene.  The 
succession  of  Tertiary  eruptives,  based  on  the  evidence  thus 
far  presented,  is:  (1)  Granites-Granulites,  (2)  Diorites-Diabases, 
(3)  Andesites-Dacites,  (4)  Rhyolites,  (5)  Dacites-Andesites,  (6) 
Basalts-Basaltic  andesites.  There  are  two  modes  of  occurrence, 
namely,  in  the  western  Sierra  Madre  from  fissures  parallel  to 
lines  of  relief,  and  in  the  Central  Plateau  from  local  vents.  The 
intimate  connection  between  the  geologic  structure  and  the  erup- 
tive rocks  of  the  western  United  States  and  the  mountains  of 
Mexico  is  also  of  interest.  h.  u.  r. 

11.  Brief  notices  of  some  recently  described  minerals, — Coxch- 
ITE.  This  name  has  been  given  by  Agnes  Kelly  to  the  calcium 
carbonate  forming  a  considerable  part  (often  associated  with  cal- 
cite)  of  the  calcareous  secretions  of  molluscan  shells.  This  form, 
unlike  aragonite  to  which  it  has  been  referred  (G.  Rose),  is  uni- 
axial and  optically  negative,  as  is  calcite,  and  yet  it  differs  from 
the  latter  mineral  in  some  other  characters.  The  most  conspicu- 
ous difference  is  in  the  specific  gravity,  which  is  2*87  f or  concnite, 
and  2'7l  for  calcite.  It  shows  no  twinning  and  has  higher  refrac- 
tive indices;  thus  c  is  1*524  for  conchite  and  1*486  for  calcite. 
Conchite  is  an  unstable  compound  changing  into  calcite  at  300^ 
to  310°.  Various  natural  incrustations  (Karlsbad,  Yellowstone, 
etc.)  were  found  to  consist  of  conchite;  here  also  belongs  the 
Flos  Ferri. — Min.  Mag.^  xii,  363. 
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Sbligmannitb.  a  new  species  described  by  Baumhaaer  from 
the  dolomite  of  the  Binnenthal  in  Switzerland;  it  is  named  after 
the  mineralogist,  G.  Seligmann  of  Coblenz.  The  material  was 
too  scanty  to  allow  of  analysis,  but  its  close  identity  with  bourn- 
onite  in  complex  crystalline  form  and  the  similarity  in  color  and 
luster  and  brittleness  to  sartorite  (scleroclase),  have  led  the  author 
to  the  conclusion  that  it  is  a  lead  sulpharsenite  isomorphous  with 
the  former  species. — Ber»  Ak,  Berlin^  p.  110,  1991. 

HussAKiTE.  A  mineral  occurring  in  tetragonal  crystals  and  in 
crystal  fragments  at  Dattas  near  Diamantina,  Minas  Geraes, 
Brazil.  The  form  is  identical  with  that  of  xenotime,  but  analy- 
sis showed  the  presence  of  6  p.  c.  SO,.  The  results  obtained  are 
as  follows: 

SO,  PjOft        (Y,  Er,  Gd)208         FcaO, 

I  613  33-51  60-24  0-20=100-08. 

The  hardness  is  5;  sp.  gravity  4*587;  the  color,  yellowish  white 
to  honey-yellow  and  brown.  The  authors,  Kraus  and  Reitinger, 
suggest  that  the  xenotirae  hitherto  analyzed  may  have  been 
altered  from  hussakite,  the  SO,  having  been  removed;  they 
regard  Gorceix's  earlier  analysis  of  the  Brazilian  mineral*,  which 
showed  no  SO,,  as  incorrect. — Zeitschr,  KrysL^  xxxiv,  268. 

CERULfuTE.  An  arsenate  of  aluminum  and  copper  from  the 
gold  mines  of  Huanaco,  Chili,  described  by  H.  Dufet.  It  occurs 
in  clay-like  masses  of  a  turquois-blue  color;  these  masses  consist 
of  very  minute  crystals.  The  specific  gravity  is  2*803.  An 
analysis  gave  the  following  results : 

As,0,  34-56     A1,0,  31-26     CuO  11-80     H,0  22-32  =  99-94. 

• 

This  corresponds  approximately  to  the  formula  CuO  .  2AI3O,. 
At«,0,-f-8H,0.— J5«//.  Soc,  Mhi.,  xxiii,  147,  1900. 

SuLVANiTE.  A  sulpho-vanadate  of  copper  described  by  G. 
Goyder  from  Burra,  South  Australia.  It  occurs  in  masses  with  a 
metallic  luster  and  bronze-yellow  color;  hardness  3*5;  specific 
gravity  4-0.  The  calculated  formula  is  aCu^S-V^S^,  deduced 
from  two  analyses,  one  of  which  is  as  follows:  S  32-54  V  12-63 
Cu  47-98  SiO  4-97  Fe,0,  0-42.  The  silica  and  iron  are  due  to 
impurities. — «A  Chem,  tSoc.  Sept.  1900,  p.  1094. 

Termierite,  Lassallite.  Two  silicates  of  aluminum  described 
by  G.  Friedel  as  occurring  with  kaolinite  and  barite  at  the  anti- 
mony deposits  of  Miramont  on  the  borders  of  Cantal  and  Haute- 
Loire,  France.  The  composition  of  termierite  is  regarded  as 
expressed  essentially  by  the  lormula  Al,0,.  6Si0,-f- 1811,0  ;  an 
an  analysis  gave:  SiO,  78-29,  A1,0,  15-00,  Fe,0,(FeO  pt.  ?)  485, 
CaO  1-77,  MgO  0-47  =  100-38.  It  occurs  in  small  masses  of  a 
gray  color  and  conchoidal  fracture. 

iasaallite  occurs  in  white  fibers  resembling  asbestus.  An 
analysis  of  dried  material  gave  :  SiO,  69-27,  A1,0,  1942,  Fe,0, 
0-84,  MgO  10-01,  CaO  1-30=  100-84;  H,0  14-22.  The  calculated 
formula  is  3MgO  .  2A1,0,.  12SiO,  +  8H,0.— ^e/^/.  Soc.  Min.,  xxiv, 
4,  1901. 
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ToRRENSiTE,  ViELLAURiTE.  Snpposed  DOW  minerals  consisting 
of  the  carbonate  and  silicate  of  manganese  described  by  Lienau, 
the  former  substance  occurring  in  gray  to  brown  masses  at  the 
Torrens  mine.  Haute  Pyrenees.  It  is  shown  by  Lacroix  to  be  a 
mixture  of  rhodonite  and  rhodochrosite.  The  same  author  also 
shows  that  the  viellaurite  is  a  mixture  of  rhodochrosite  with  a 
silicate,  probably  tephroite,  and  small  quantities  of  alabandite. — 
BtiU,  Soc.  Min.y  xxiii,  251. 

ViOLAiTE.  A  strongly  pleochroic  pyroxene  (with  green  and 
orange-yellow  colors)  which  forms  an  essential  constituent  of  the 
rock  from  the  Kedabek  copper  mines  called  by  Federow  ICeda- 
bekite.  An  analysis  gave:  SiO,  48-26,  A1,0,  3*84,  Fe.O,  1*15, 
FeO  IS-YT,  MgO*809,  CaO  2261,  Na,0  0-28  =  100. 

1 2.  On  Iron  Meteorites. — Prol.  E.  Cohex  gives  in  a  recent  paper 
(Sitzb.  Akad.  Wiss.  zu  Berlin,  Dec.  13,  1900)  a  summary  of  the 
results  of  his  recent  thorough  and  detailed  chemical  and  structural 
study  of  the  iron  meteorites  which  lack  cubic  or  octahedral  struc- 
ture. These  include  Brtziua's  group  of  Ataxites  and  his  Ham- 
mond, Capeisen  and  Chesterville  groups.  The  following  were 
found  by  Cohen  to  be  pseudo-meteorites  :  Nauheim,  Newstead, 
Walker  Co.,  Scriba,  Hemalga,  Saint  Augustine's  Bay,  Long 
Creek,  Virginia,  and  MinasGeraes.  Toca vita,  Salt  River  and  Bal- 
linoo,  Cohen  considers  to  be  octahedrites  with  finest  lamellie; 
Santa  Rosa  a  granular  aggregate  of  octahedral  individuals  and 
Bingera  a  granular  aggregate  of  cubic  individuals.  The  remain- 
der are  grouped  by  Cohen  under  the  term  *'^  Kornige  bis  dichte 
Eiseny  These  are  subdivided  into  (a)  granular  to  compact^ 
streaked  (achlierenfilhrende)  irons  and  (b)  granular  to  compact 
irons  without  streaks  (achlierenfreie).  The  latter  are  considered 
the  only  true  ataxites. 

Group  a  is  subdivided  into  (a)  irons  with  octahedral  streaks 
(schlieren)  and  includes  Cacaria  and  Hammond,  and  (/8)  irons 
with  cubic  streaks  (sehlieren).  This  latter  group  includes  Cape 
of  Good  Hope,  Kokomo,  Iquique,  Shingle  Springs,  and  Sierra  de 
la  Ternera. 

Group  b,  or  the  true  ataxites,  is  divided  into  two  subgroups. 
The  meteorites  of  the  first  subgroup  are  rich  in  nickel,  the  con- 
tent of  Ni  +  Co  beinnf"  17-20  per  cent.  Those  of  the  second  sub- 
group are  poor  in  nickel,  the  content  of  Ni  +  Co  being  6-7  per 
cent.  Under  the  first  (Morradal  group)  Cohen  classes  Smith- 
land,  Babb's  Mill,  Deep  Springs,  Botetourt,  Dehesa,  Linnville 
Mountain  and  Morradal.  The  second  is  subdivided  into  the 
Siratik  group,  under  which  are  included  Siratik,  Campo  del  Cielo^ 
Locust  Grove,  Mej^quital  and  Cincinnati,  and  the  Nedagolh 
group,  which  comprises  Rasgata,  Chesterville,  the  WOhler  irocL 
Nedagolla,  Primitiva  and  Forsyth  Co.  Tucson  is  considered 
intermediate  in  character,  the  content  of  nickel  being  about  ^ 
per  cent,  while  forsterite  is  present  as  an  accessory  constituenXi. 
Illinois  Gulch  is  classed  with  the  Nedagolla  group  although  ttiLe 
percentage  of  nickel  is  high  (12  per  cent). 
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The  author  finds  Btmctare  throughout  dependent  upon  the 
chemical  composition,  thus  confirming  the  conclusions  which  he 
had  previously  formed  from  studies  of  the  octahedral  and  cubic 
irons.  o.  c.  f. 

13.  Studien  Uber  den  Milchsaft  und  Schleimsaft  der  P/lamen  ; 
by  Hans  Molisch,  Director  of  the  Institute  for  Plant  Physiology 
at  the  Grerraan  University  in  Prague.  Pp.  viii  +111,  with  33 
text-figures.  Jena,  1900  (Gustav  Fischer). — Previous  writers  on 
the  milk-tubes  of  plants  have  studied  more  especially  the  develop- 
ment of  the  tubes  and  the  structure  of  their  walls.  In  the  present 
paper,  Professor  Molisch  gives  a  full  account  of  the  milky  juice 
mside  the  tubes,  describing  its  microscopic  structure  and  chemi- 
cal composition.  According  to  the  older  writers,  the  tubes  are 
wholly  devoid  of  protoplasmic  contents.  According  to  the  more 
recent  work  of  Berthold,  the  whole  milky  juice  is  to  be  looked 
upon  as  a  modified  protoplasm.  The  author,  however,  finds  neither 
view  correct,  but  distinguishes  in  the  intact  tubes  a  layer  of  cyto- 
plasm, which  lines  the  wall  and  which  has  imbedded  in  it  numer- 
ous nuclei,  leucoplasts  and  vacuoles,  and  considers  the  space 
enclosed  by  this  layer  as  a  sap-cavity  filled  with  a  milky  cell-sap. 
He  confirms  thereby  the  work  of  E.  Schmidt,  who  found  both 
cytoplasm  and  nuclei  even  in  old  tubes.  In  the  milky  juice  which 
exudes  from  cut  surfaces,  the  protoplasmic  elements  become  so 
thoroughly  mixed  with  the  cell-sap  that  they  cannot  be  distin- 
guished. In  addition  to  nuclei  of  the  ordinary  type,  the  author 
describes  a  peculiar  variety  of  nucleus  to  which  he  has  given  the 
name  "  Blasenkern."  In  this  the  nuclear  membrane  is  separated 
from  the  nuclear  substance  to  a  greater  or  less  extent  by  a  space 
filled  with  liquid.  Since  it  is  sometimes  possible  to  convert  ordi- 
nary nuclei  into  "  Blasenkerne"  by  the  addition  of  water,  it  would 
seem  probable  that  the  latter  were  abnormal,  but  this  view  is 
not  held  by  the  author.  The  leucoplasts  usually  give  rise  to 
starch-grains,  but,  in  some  cases,  to  solid  proteids  or  to  oil-drops, 
both  of  which  may  also  occur  in  the  vacuoles.  Other  organic 
substances  sometimes  found  in  the  milky  juice  are  caoutchouc, 
resins,  tannins,  soluble  proteids  and  carbohydrates  and  the  recently 
described  leptomin  of  Kaciborski.  The  juice  of  the  Papaveraceae 
contains  also  various  alkaloids.  Whether  these  substances  occur 
in  the  cytoplasmic  sheath  or  in  the  sap-cavity  could  not  always  be 
determined.  The  slime-tubes,  which  are  found  in  certain  mono- 
cotyledonous  families,  show  a  structure  very  similar  to  that  of 
^^e  milk-tubes,  but  the  sap-cavity  contains  slime,  which  is  only 
^occasionally  milky.  The  nuclei  are  very  variable  in  shape  and 
^^^  sometimes  drawn  out  into  long  hair-like  structures.  The 
slinie-tubes  contain  many  of  the  substances  found  in  milk-tubes. 
^^  addition  to  these  the  author  describes  as  new  an  organic  body 
^^  which  he  gives  the  name  **  luteofilin."  Little  could  be  deter- 
^'ned  with  regard  to  its  chemical  composition.  The  luteofilin 
'''yptallizes  out  of  the  slime  in  the  form  of  sphaerites,  which  show 
^  ^iistinct  concentric  lamellation.     They  are  soluble  in  water  but 
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insoluble  in  absolute  alcohol,  ether  and  benzole.  Upon  the  addi- 
tion of  20  per  cent,  potash  solution,  the  luteofilin  appears  in  the 
form  of  long  and  slender  thread-like  masses  of  a  bright  yellow 
color,  from  which  the  substance  receives  its  name.  Regarding 
the  functions  of  the  milk-  and  slime-tubes,  the  author  does  not 
express  himself  very  fully,  but  reserves  this  subject  for  a  future 
paper.  a.  w.  b. 

14.  A  Remarkable  Instance  of  the  Death  of  Fishes^  at  Ber- 
muday  in  1901 ;  by  A.  E.  Verrill. — During  the  month  of  Feb- 
ruary and  the  first  part  of  March  of  this  year  the  weather  at 
Bermuda  was  unusually  cold  and  wet.  The  temperature  fell,  at 
one  time,  as  low  as  45"^  F.  The  continued  low  temperature  was 
sufficient  to  cool  the  sea  water  beyond  the  limit  of  endurance 
for  many  of  the  tropical  fishes  found  there,  so  that  vast  numbers 
died  and  were  washed  ashore,  especially  during  the  first  week  in 
March,  all  along  the  coast,  but  more  abundantly  around  the 
shores  of  Hamilton  Harbor  and  the  adjacent  islands.  The  stench 
from  their  decomposition  became  so  great  that  the  local  govern- 
ment was  obliged  to  aid  in  their  removal  early  in  March. 

Numerous  species  of  iishes  were  thus  affected  as  well  as  certain 
crabs,  corals,  etc.  The  fishes  that  died  in  the  largest  quantities 
were  two  of  the  commoner  shallow- water  species,  viz.,  the  hamlet 
grouper  and  the  6quirrel-6sh.  Later  in  the  season  these  and 
other  fishes  that  previously  have  always  been  common  were 
found  to  be  scarce  and  difficult  to  obtain.  In  fact,  most  of  the 
ordinary  market  fishes  were  much  scarcer  and  harder  to  obtain 
than  ever  before.  Among  numerous  other  fishes  seen  dead  on 
the  shores  were  parrot-fishes  of  several  kinds,  small  rock-fishes, 
hog-fishes,  white  grunts,  large  porcupine-fishes,  trunk-fishes,  cow- 
fishes,  angel-fishes,  rainbow-flounders,  etc.  Also  large  specimens 
of  Octopus, 

Those  fishes  that  habitually  live  in  deep  water,  among  the 
outer  reefs,  such  as  the  red  snapper,  large  rock  fishes,  amber 
fishes,  etc.,  seem  not  to  have  been  thus  affected.  Some  of  the 
smaller  shallow  water  and  surface  fishes  also  seemed  to  have 
escaped,  for  the  pilchards,  hog-mouth  fry,  and  others  were  still 
very  abundant  in  April. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  Atlas  Meteorologlco  de  la  Jiepilblica  Argentina  por  En- 
rique A.  S.  Delachaux.  Primera  Parte,  Provincia  de  Buenos 
Aires.  Buenos  Aires:  Corap.  Sud-Americ.  de  Billftes  de  Banco. — 
This  volume  begins  the  publication  of  a  general  meteorological 
atlas  of  the  Argentine  Republic,  which  will  appear  from  time  to 
time  as  each  province  is  studied  in  detail.  Observations  are 
taken  at  eighteen  meteorological  stations*.  The  maps  exhibit  the 
main  climatic  factors  of  Buenos  Aires.  Thus  it  is  shown  that  the 
annual  temperature  varies  from  18°  C.  in  the  Parana  Valley  to 
14°  C.  in  the  south  central  part;  the  temperature  range  for  about 
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lalf  the  province  is  less  than  14°  C.  The  annual  humidity 
caches  82  per  cent  on  the  northeast  coast  line,  while  in  the  cen- 
ral  and  western  part  of  the  province  it  is  under  70  per  cent. 
The  annual  rainfall  in  the  Parana  delta  is  1,000°^°°,  but  there  is 
k  regular  decrease  to  the  southwest  until  the  minimum  (300™™)  is 
eached  on  the  Rio  Negro.  About  two-thirds  of  the  province 
las  an  elevation  less  than  100™.  h.  e.  g. 

2.  The  Britiah  Museum  Catalogues, — The*  following  publica- 
ions  have  been  recently  issued  : 

A  Hand-list  of  the  Genera  and  Species  of  Birds  (Nomenclator 
ivium  turn  fossilium  turn  viventium) ;  by  R.  Bowdlbr  Suabpb, 
jL.D.  Vol.  ii,  pp.  XV,  312.  London,  1900.  Includes  all  species 
d  Psittaci  and  what  are  known  as  Picarian  birds;  there  are 
ioumerated  454  genera  and  2861  species.    See  also  vol.  viii,  p.  398. 

Catalogue  of  the  Mesozoic  Plants  in  the  Department  of  Geology, 
British  Museum  (Natural  History).  The  Jurassic  Flora.  I,  The 
Yorkshire  Coast.  Pp.  xii,  341,  pi.  i-xxi.  By  A.  C.  Seward, 
M.A.,  F.R.S.,  F.G.S.     London,  1900. 

3.  A  Select  Bibliography  of  Chemistry y  U92-1897  ;  by  Henry 
Cabbingtox  Bolton.  Pp.  534.  Washington,  1901.  (Smithso- 
nian MiscellaneouH  Collections,  1253.  Section  viii.  Academic 
Dissertation.) — Professor  Bolton  continues  his  laborious  but 
most  useful  task  of  collecting  chemical  bibliography.  The  latest 
uldition  to  the  series  is  this  large  volume  of  academic  disserta- 
ions,  arranged  alphabetically  according  to  authors,  but  with  a 
all  subject-index  to  titles  at  the  end  (pp.  445-534). 

4.  Publications  of  the  Bureau  of  American  Ethnology^  J.  W. 
*owELL,  Director. — It  is  impossible  here  to  do  more  than  record 
ti«  recent  issue  of  the  following  valuable  volumes  : 

Seventeeth  Annual  Report  or  the  Director  with  accompanying 

apers.    In  two  parts :  Part  I,  pp.  xciii,  468  ;  Part  II,  pp.  469-752. 

Eighteenth  Annual  Report.     In  two  parts  :  Part  I,  pp.  Ivii,  518. 

5.  field  Columbian  Museum,  The  following  is  a  list  of  recent 
publications : 

No.  45.  ZooIoKical  Series.  Vol.  II.  A  Synopsis  of  the  Mammals  of  North 
^iDerica  and  the  adjacent  Eeas;  by  Daniel  Giraud  Elliot,  curator.  Pp.  470. 
"Chicago,  1901. 

Xo.  61.  ADthropological  Series.  Vol.  II,  No.  4.  An  Aboriginal  Quartzite 
Quarry  in  Eastern  Wyoming;  by  George  A.  Dorsey,  curator.  Pp.  235-243. 
l^lates  xxviii-xxix.    Chicago,  1 900. 

No.  52.  Report  Series.  Vol.  I,  No,  6.  Annual  Report  of  the  Director  to  the 
Board  of  Trusteef,  for  the  year  1809-1900.     Pp.  413-512.     Chicago,  1900. 

Xo.  63.  Geological  Series.  Vol,  I,  No.  8.  Observations  on  Indiana  Cavos  ; 
)j  Oliver  Cummings  Farrington.     Pp.  247-266.     Chicago,  1901. 

No.  54.  Zoological  Series.  Vol.  Ill,  No.  3.  List  of  Mammals  obtained  by 
liaddeus  Surber,  Collector  for  the  Museum  in  the  Provinces  of  Now  Brunswick 
ad  Quebec,  Canada;  by  D.  G.  Elliot,  curator.     Pp.  15-29.     Chicago,  1901. 

6.  Scientia.  L'E  volution  du  Pigraient;  per  G.  Bohn.  Pp.94. 
-This  is  the  eleventh  volume  of  this  valuable  series.  Paris,  1901 
Sreorges  Carre  et  C.  Naud). 
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7.  Zoologiachea  Addressbuch:  Namen  and  Addressen  dc 
lebenden  Zoologen,  ADatomeo.  Pbyfliologen  und  Zoopaleont< 
logeo,  sowie  der  kdnstlerischen  and  tecbnischen  Halfskriift^ 
heraasgegeben  im  Auftrage  der  Deutschen  Zoologischen  Gesel 
schaft  von  R.  Friedlander  und  Sohn.  Teil  II,  pp.  viii,  51' 
Berlin,  1901. — This  second  part  of  the  International  Zoologist 
Directory  (see  this  Journal,  i,  77,  1896)  includes  announcemeni 
of  deaths,  changes  of  address,  corrections  and  additions,  datin 
from  September,  1895:  it  thus  completes  this  valuable  work  u 
to  1901. 

8.  Publications  of  ths  Earthquake  Ifioeetigation  CommitU 
in  Foreign  Languages^  Nob,  5  aiid  6, — The  recent  oontributioi 
to  this  important  series,  repeatedly  noticed  in  these  pages,  contai 
the  results  of  horizontal  pendulum  observations  of  earthqaak< 
from  July,  1898,  to  December,  1899,  in  Tokyo,  by  Dr.  F.  Omor 

9.  Publicationsof  the  United  States  Naval  Observatory.  Secon 
Series,  Vol.  I,  pp.  cvii,  402.  Washington,  1901. — The  second  serie 
of  the  U.  S.  Naval  Observatory  publications  is  commenced  will 
the  present  volume.  With  it  the  plan  of  publication  will  b< 
different  from  that  which  has  been  in  force  hitherto,  since,  in  tlw 
place  of  annual  volumes,  it  is  proposed  to  issue  volumes  at  suitabk 
intervals  depending  upon  the  kind  and  amount  of  material  avaita? 
ble.  We  have  here  all  the  transit  circle  observations  of  the  suo. 
moon,  planets,  and  miscellaneous  stars  made  from  1894  to  1899, 
except  those  of  the  zone  —  13°  50'  to  —  18°  10'.  The  observa 
tions  were  made  under  the  direction  of  Prof.  W.  Harkness  until 
his  retirement  as  Director  in  December,  1899.  Prof.  A.  N.  Skinnei 
was  in  charge  of  the  transit  circle  during  this  period;  the  Director 
ship  of  the  Observatory  is  now  under  the  charge  of  Prof.  S.  J. 
Brown. 

University  of  Tennessee  Record,  The  April  number  of  the  TenDessee  Reoorc 
(vol.  iv)  coDtains  a  series  of  scientiOc  papers;  among  these  may  be  mentioiie( 
one  by  A.  C.  Lanier  on  technical  education  in  tlie  South;  another  by  E.  F.  Ken 
on  the  electric  current  in  chemical  analysis ;  by  W.  W.  Carson  on  the  polar  pUni 
meter;  by  W.  M.  Fulton  on  automatic  record  of  water  stages  in  the  upper  TW 
nessee  river. 

The  New  York  University  Bulletin  of  the  Medical  Sciences.  A  publicatloi 
devoted  to  the  scientific  work  in  the  Carnegie  Laboratory  and  other  department 
of  the  Medical  College.  Conducted  by  the  New  Yorl«  University  Medical  Societ. 
of  the  University  and  Bellevue  Hospital  Medical  College.  VoL  I,  No.  1,  Jan 
uary,  1901.     Pp.  56.     Lancaster,  Pa.  and  New  York  (The  Macmillan  Co.). 

School  Science.  A  Journal  of  Science  Teaching  in  Secondary  Schools :  edite 
by  C.  E.  Linebarger  with  the  aid  of  twelve  associate  editors.  The  first  numbe 
(pp.  1-51)  of  this  new  periodical  is  dated  March,  1901.  It  will  be  publisbe 
monthly,  September  to  May  inclusive,  by  School  Science,  Unity  Building,  Ch 
cago ;  price  §2,00  per  year. 

Memoirs  of  the  National  Academy  of  Sciences.  Volume  VIII.  Fifth  Memoi 
Anatomy  of  Xautilius  Ponipilius;  by  Lawrence  Edmonds  Griffin.  Pp.  19 
Plates  i-xvil.     Washington,  1898. 

Mmmtain  Structure  and  its  Origin;  by  James  Geikie.  International  Montbl. 
January  and  Fobniary,  1901. 
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Art.  IX. — Experiments  on  High  Ehctrical  Resistance^  Part 
II ;  by  Ogden  N.  Rood,  Professor  of  Physics  in  Columbia 
University. 

New  method  of  measuring  high  electrical  resistance, — In 
the  first  part  of  tnis  paper,*  I  have  ^iven  a  general  account  of 
a  mode  of  measuring  electrical  resistances   which  are  far  too 
largo  to  be  dealt  with  by  ordinary  methods.     Since  then  the 
electrometer,  there  indicated,  has  been  improved,  and  a  large 
number  of  units  of  resistance  has  been  constructed.     Experi- 
ments have  also  been   made  with  regard  to  the  best  modes  of 
wsing  them,  and,  in  particular,  with  respect  to  the  best  way  of 
building  up  a  set  of  high  resistances,  from  a  low,  but  known, 
resistance.     Attention  has  been   paid   to  electrical  leakage,  to 
tlie  composition  of  the  units,  to  their  reliability  during  short 
and  .long  intervals  of  time.     Their  behavior  under  different 
electromotive  forces  has  been  somewhat  attended  to,   and   is 
8till  under  examination.     A  large  number  of  details  have  pre- 
sented themselves,  and  it  will  require  considerable  time  before 
they  all  can   be  satisfactorily  studied.     Meanwhile  this  much 
has  been  ascertained  :  it  is  possible  to  take  a  low  standard  of 
resistance,  measured  by  old  methods,  employing  fifty  or  a  hun- 
<lred  volts,  and  from  this  to  build  up  a  set  of  resistances,  the 
highest  of  which  shall   be  equal  to  fifteen  or  twenty  millions 
of  megohms,  the  original  electromotive  force   being  always 
adhered  to.     With  such  units  of  resistance  it  is  of  course  easy 
Jo  measure  any  resistance  which  lies  within  their  range,  employ- 
^^g  always  one  and  the  same  electromotive  force.     The  relia- 
hility  of  such  measurements  can  be  judged  from  the  results 
g'veu  at  the  end  of  this  article.     It  is  also  certain  that  the 

*  This  Journal,  x,  285,  1900. 
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cores  of  the  nnits  about  to  be  dcecribed  are  inaccessible  la 
moistnre,  and  that  in  ordinary  weather  thero  is  no  enrface  con- 
duction tliat  interferes  with  tlieir  aecnracy.  Leea  is  known 
about  the  invariability  of  the  nnits  durinp  long  )>erio(ls  of 
time;  this  matter  is  hcing  investigated  by  Mr.  H,  C.  Parker, 
and  the  reeults  thus  far  obtained  arc  promising.  If  it  Bhoald 
tnrn  out  that  none  of  tlie  varieties  I  have  devised  has  this 
desirable  qtiality,  it  would  merely  necessitate  on  each  occision 
where  Hceuracy  was  required,  a  galvanometer  measnrement, 
and  a  building  up  process  from  it,  involving  two  or  three 
hours  of  extra  labor,  as  changes  in  the  units  do  not  occur 
which  would  interfere  with  the  ease  of  a  building  np  proceu 
once  established  in  all  its  details.  In  every  case  thus  far  exam- 
ined, the  resistance  of  the  unit  immediately  after  making  it 
has  increased  with  some  regularity,  week  by  week,  bnt  at  t 
diminishing  rate,  and  now  at  the  present  time,  it  is  not  tny 
custom  to  employ  units  till  they  are  at  least  three  months  old. 
Electrovietfi: — The  construction  of  this  apparatus  is  shown 
in  the  sketch,  fig.  1,  where  all  the  shaded  ]>ortions  are  metallic, 
and  the  unshaded  parts  made  of  the  best  quality  of  ebonite. 
B  is  a  brass  binding  post,  to  which  mny  be  attached  the  wire 
conveying  the  charge,  also  a  Leyden  jiir  or  a  small  mica  con- 
denser. It  terminates  below  in  an  aluminum  leaf,  bluntly 
pointed,  and  provided  with  a  long  hinge  of  gold  leaf  for  fleii- 
,  bility.      The    latter    is  »t- 

tached  to  a  brass  wire  W, 
that  slides  into  a  well-fit- 
ting tnbe,  from    whieli  it 
can  readily  be  removed  for 
repairs.      P   is    a   springf 
brass  plate  faced  with  plati- 
nu(n.     When  the  appanttoe 
has    received    a    sufficient 
charge  the  aluuiinuin   leaf 
is    attracted     to     P,    and 
usually    remains  attached; 
V  is  a  narrow  strip  of  thin 
sheet  brass  fastened  to  an 
axis,  not  shown  in  the  dia- 
grun),  which  is  terminated 
by  the  milled  head  H  ;  it 
can    bo    iriade    to  slightly 
scrape    the    edge    of    tbc 
plate  P,  and  comniuiiicato 
to  it  a  trifling  vibratory  movement,  which  instantly  detach*?* 
the  gold-aluminum   leaf.      Mere   contact   from   behind,  ov^** 
when   made   with  some  violence,  is  not  sufficient  for  this  pW' 
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>6e.  R  IB  a  stiff  brass  wire  attached  to  the  same  axis  with 
,  and  serves  to  discharge  the  apparatus ;  it  has  an  arm  bent 
a  right  angle  which  can  be  brought  into  contact  with  the 
odiog  post  D.  A  single  motion  discharges  the  electrometer 
id  sets  the  gold  leaf  free.  The  axis  carrying  R  and  V  is  con- 
icted  with  the  ground.  The  micrometer,  M,  is  provided 
th  a  millimeter  screw  and  carries  the  plate  P.  In  all  of  my 
Qent  experiments  it  was  connected  with  the  ground.  The 
ight  of  the  electrometer  from  the  table,  to  the  top  of  the 
nding  post,  is  27*^.  It  is  covered  by  a  glass  case  to  prevent 
•  currents,  the  case  being  in  contact  only  with  the  ebonite 
8e.  When  in  actual  use  the  apparatus  is  covered  by  a  paste- 
•ard  box  coated  with  tin-foil,  through  the  sides  of  which 
itable  openings  are  made  for  observation,  and  for  the  intro* 
iction  of  the  two  wires  that  are  attached  to  the  binding 
•St.  The  electrometer  as  thus  described,  with  a  striking  dis- 
3ce  of  a  half  or  of  one  millimeter,  is  suitable  only  for  meas- 
iDg  resistances  of  a  million  megohms  and  upwards;  lower 
distances  bring  about  a  stroke  in  a  very  few  seconds,  and  to 
ensure  these,  its  capacity  must  be  increased. 
Condensers. — A  series  of  these  have  been  employed,  the 
eatest  being  a  large  Leyden  jar  with  a  capacity  of  '00507  of 
microfamd ;  four  smaller  jars  with  diminishing  capacities 
d  three  small  mica-condensers  have  been  used.  When  the 
sctrometer  is  once  made,  and  a  few  suitable  resistances,  such 
set  of  condensers  can  easily  be  produced.  The  micacon- 
insers  were  supported  by  silk  threads  that  had  been  heated 
)  in  a  bath  of  wax  and  rosin.  A  long  wooden  rod  above  the 
»paratus  carried  the  mien-condensers  and  the  units,  when 
ore  than  three  or  four  of  them  were  used  in  a  series,  and  in 
lis  way  excellent  insulation  was  readily  obtained. 

Table  of  Captxcities  of  Condensers. 

Capacitj  in 
microfarads. 

Leyden  jar,  No.  L '0050 

*'         "  2 -0025 

"         "  3 0013 

"  "  4 " -0008 

"  "  5 -00044 

Micacond.,  No.  1 -00024 

"         "  2 -00014 

♦'         «'  3 -000037 

Electrometer ..  OUOOU 

It  may  be  remarked  that  the  apparatus  described  in  this 
P*per  can  easily  be  used  to  determine  the  capacities  of  quite 
small  condensers,  and*  of   conductors  or  semiconductors  sus- 
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pended  in  the  air  by  insulating  threads.  With  a  set  of  con- 
densers like  the  above,  the  capacity  of  any  condenser  within 
their  range  can  be  quickly  obtained. 

Units  of  resistance. — After  a  number  of  experiments  in 
difiFerent  directions,  it  was  decided  to  employ  peroxide  of 
manganese  painted  on  strips  of  blue  cobalt  glass,  which  was 
found  to  be  a  much  better  insulator  than  colorless  plate  glass. 
The  mode  of  construction,  briefly,  is  as  follows :  washed  com- 
mercial peroxide  of  manganese  is  painted  with  a  brush  on 
cobalt  glass,  the  edges  of  the  strip  being  avoided,  and  it  is  then  . 
dried  with  gentle  heat.  The  layer  thus  obtained  is  quite 
adherent  in  spite  of  the  fact  that  only  water  is  used  in  making 
the  mixture,  and  it  can  be  laid  on  with  different  thicknesses 
and  have  desirable  breadths.  The  two  ends  of  the  glass  slip  . 
are  then  wrapt  with  tin-foil,  and  about  7*^"*  of  the  foil  allowed 
to  remain  free  at  the  two  ends  to  hold  the  unit  when  it  is 
immersed  in  a  rosin-wax  bath.  Fine  brass  wire  is  used  to  pre- 
vent the  unit  from  unrolling  itself  when  it  is  lifted  up.  The 
rosin-wHX  bath  contains  only  so  much  wax  as  does  not  dim  the 
polish  of  the  finished  unit,  the  polish  of  the  bath  itself,  when 
it  cools,  being  about  half  destroyed.  Pure  yellow  wax  was 
employed,  ana  the  temperature  of  the  bath  was  about  150°  C. 
Immersion  in  this  bath  drives  out  air  and  moisture,  and  as 
n)ore  than  half  of  the  tin-foil  is  also  immersed,  it  results  that 
the  unit  is  embedded  in  the  insulating  substance,  conduction 
to  its  interior  being  furnished  by  the  free  tin-foil  at  the  ends. 
After.wards,  while  still  as  hot  as  allowed  handling,  the  units 
were  finished  with  a  hot  knife,  care  being  taken  repeatedly  to 
press  down  the  foil  at  the  places  of  contact.  The  superfluous 
rosin  being  removed,  the  remainder  of  the  tin-foil  was  wrapt 
around  the  ends  of  the  units  and  suitable  terminals  of  sheet 
brass  supplied.  These  again  were  wound  with  flexible  iron 
wire  having  a  diameter  of  0*4™".  In  this  operation  as  much 
force  as  was  considered  safe  was  employed,  in  order  to  secure 
fixity,  and  to  make  sure  that  the  pressure  exerted  on  the  foil 
should  be  far  greater  than  any  experienced  afterwards  in  the 
use  of  holder  to  connect  the  units,  or  to  introduce  them  into 
the  circuit.  It  will  be  seen  that  the  units  are  completely  inac- 
cessible to  moisture,  and  experiments  have  shown  that  in  ordi- 
nary weather  their  surface  conduction,  practically,  is  zero. 
Three-quarters  of  the  insulating  surface  between  the  terminals 
have  been  wrapt  with  tin-foil  without  lowering  the  resistance, 
even   when  the  hygrometer  indicated  00  per  cent  of  moisture. 

The  process  which  has  been  explained  is  suitable  for  the 
])r(>duction  of  units  having  resistances  from  one  up  to  ten 
thousand  megohms.     For  higher  units  the  oxide  of  manganese 
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8  to  be  diluted  with  Chinese  vermilion,  when  good  substan- 
ial  layers  can  still  be  used.  If  the  amount  of  the  oxide  of 
nanganese  be  reduced  as  low  as  twenty  per  cent,  as  high 
■esistances  can  be  obtained  as  any  that  have  been  handled  by 
De.  The  thickness  of  oxide  of  manganese  giving  a  resistance 
>f  only  one  megohm  was  not  measured,  but  must  have  been 
ess  than  one  millimeter.  Some  of  these  low  units,  of  from 
me  to  a  hundred  megohms  resistance,  were  given  to  Mr.  H.  C. 
Parker,  who  is  engaged  in  testing  their  constancy ;  he  finds 
hat  they  exhibit  no  polarization,  neither  have  I,  experiment- 
ng  with  higher  unite,  detected  anything  of  this  kind,  by 
vliich  is  meant  that  in  neither  case  does  the  resistance  increase 
irhile  the  current  is  flowing. 

As  already  indicated,  the  best  results  were  obtained  by  the 
ise  of  an  insulating  material  of  rosin  with  a  small  percentage 
)f  yellow  wax.  Paraffin  was  also  tried,  but  even  with  low 
mits  exhibited  a  tendency  to  break  down  and  lower  its  resist- 
mce,  temporarily ;  plain  yellow  wax  was  better,  but  both  of 
hem  were  liable  to  break  down  rather  suddenly  when  the 
esistances  were  quite  high.  Plain  peroxide  of  manganese  on 
obalt  glass,  not  insulated  by  immersion  in  any  bath,  answered 
dmirably  in  dry  weather  for  rather  low  units  (under  50,000  fl) 
mt  in  damp  weather  became  quite  unreliable. 

The  units  employed  by  me  were  10*^"  long,  2*^'"  broad,  each 
►rase  terminal  having  a  length  of  2"".  For  the  higher  resist- 
nees  they  might  be  made  two  or  three  times  as  long  with 
dvantage. 

Battery. — In  the  earlier  experiments  the  street  current  was 
mployed  with  an  E.M.F.  of  112  volts,  but  was  found  to  be 
msatisfactory  owing  to  its  small  variations;  an  arrangement  of 
100  cells  or  tubes  with  copper  and  zinc  and  very  dilute  acid  is 
>referable,  but  the  so-called  dry  cells  are  far  better,  as  with 
.Bch  high  resistances  their  electromotive  force  is  almost  per- 
fectly constant,  and  they  need  no  care. 

Leakage. — It  would  appear  tolerably  certain  that  when  the 

electrometer,  with  or  without  a  condenser,  is  first  employed,  a 

small  amount  of  electricity  is,  so  to  speak,  absorbed  by  it,  so 

that  with  a  given  unit,  the  time  of  a  stroke  becomes  in  a  few 

miontes  somewhat  shorter  and  then  remains  constant.     This 

leakage  reduces  itself  to  a  minimum,   but  there  is  reason  to 

believe  that  some  always  remains.     For  example,  if  two  equal 

Qnits  are  joined  in  a  series,  and  matters  are  arranged  so  that 

the  time  of  the  stroke  does  not  exceed  thirty  or  forty  seconds, 

Aen  this  joint  time  will  be  equal  to  the  sum  of  their  times 

tJBed  separately.     If,  however,  this  joint  time  is  allowed  to  rise 

Mhigh  as  one  or  two  minutes,  then  it  always  exceeds  the  sum 

of  the  separate  times  by  anything  from  four  to  ten  per  cent  or 
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more,  according  to  the  dryness  of  the  atmosphere.  VarioDS 
expedients  were  tried  to  measure  and  allow  for  this  loss,  but  it 
was  finally  decided  to  compare  together  only  resistances  that 
were  nearly  equal,  which  is  not  a  matter  of  difficulty  after  one 
has  accumulated  a  stock  of  resistances,  those  which  had  been 
accounted  failures  now  becoming  useful.  It  is  hardly  neces- 
sary to  add  that  if  a  unit,  of  about  a  given  resistance,  is 
desired,  it  is  best,  after  due  consideration  of  the  case,  to  make 
five  or  six. 

Manipulation, — One  pole  of  the  battery  is  connected  with  a 
contact  maker  which  must  be  carefully  insulated  ;  from  thence 
the  current  fiows  to  the  unit  or  resistance,  and  finally  to  the 
binding  post,  £.  The  electrometer  having  been  discharged 
and  the  gold  leaf  set  free,  the  wire  K  is  allowed  to  remain  for 
ten  seconds  in  contact  with  post  B,  the  current  meanwhile 
flowing  through  the  unit  or  resistance  into  the  ground.  As  R 
and  y  are  turned  to  the  left  the  time  is  noted  with  a  stop 
watch,  and  the  leaf  watched  with  a  lens  for  the  stroke,  after 
which  contact  is  immediately  broken.  An  attempt  is  always 
made  to  arrange  matters  so  that  the  time  noted  shall  not  be 
less  than  fifty  nor  more  than  eighty  seconds,  and  in  the  case  of 
two  resistances  which  are  bemg  compared  together,  care  is 
taken  to  make  their  times  as  nearly  equal  as  possible,  so  as  to 
avoid  errors  due  to  leakage.  This  is  accomplished  by  the  use 
of  small  subsidiary  units  of  known  resistance,  which  are  added 
to  either  of  the  resistances  under  consideration  as  occasion  may 
require.  When  a  string  of  units  is  being  compared  with 
another  string,  the  actual  number  of  pieces  in  both  cases 
should  be  the  same,  any  deficiency  being  made  up  by  the  use 
of  dummies  which  in  all  respects  imitate  real  units,  except 
that  they  have  no  resistance  at  all. 

The  second  pole  of  the  battery  and  the  plate  P  are  perma- 
nently connected  with  ground.  The  striking  distance  usually 
employed  has  been  one  millimeter  throughout  whole  sets  of 
experiments.  Striking  distances  as  large  as  seven  millimeters 
can  be  used  for  regulating  the  time  of  the  stroke,  but  it  is 
better  to  manage  this  with  the  aid  of  condensers.  In  any  case, 
the  striking  distance  and  the  electromotive  force  of  the  battery 
should  remain  constant  in  a  set  of  experiments,  so  that  com- 
parable results  can  be  directly  obtained  without  the  use  of 
coefficients.  Not  only  can  the  units  be  used  "in  series,"  but 
also  "  in  parallel,"  to  measure  smaller  units. 

Buildivg  vp  a  set  of  resistances, — Mr.  H.  C.  Parker  meas- 
ured for  me  a  resistance  which  turned  out  to  be  32,000 
megohms,  the  electromotive  force  being  .50  volts,  and  this  was 
used  as  a  base  in  building  up  a  set  which  reached  as  high 
as   fourteen    million   megohms.      The   plan    for   building   op 
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having  been  arranged  so  that  only  units  or  sets  of  units  of 
about  the  same  resistance  were  compared  together,  it  was  pos- 
sible to  run  through  the  entire  series  in  three  hours,  ana  on 
April  20th  this  was  done,  and  repeated  on  April  2Ist.  The 
number  of  readings  in  no  case  exceeded  three;  the  striking 
distance  was  one  millimeter.  The  degree  of  accuracy  obtain- 
able under  such  circumstances  can  be  judged  from  the  table 
here  given,  where  the  resistances  are  expressed  in  megohms. 

April  2l8t  April  22d. 

34,000  34,000 

12,580  12,260 

23,910  24,140 

26,970  27,200 

73,580  73,460 

190,560  189,700 

217,800  220,800 

440,200  431,400 

520,400  517,600 

1,420,200  1,420,000 

1,849,000  1,761,200 

1,862,400  1,645,400 

2,570,000  2,360,000 

4,768,000  4,944,000 

6,364,000  6,110,000 

7,432,000  7,092,000 

14,658,000  13,724,000 

(}olumbia  University,  Nevr  York,  June  1st,  1901. 
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Art.  X. — Mineralogical  Notes ;  by  A.  J.  Moses. 

(1)  Mercuric  Iodide  from  New  South  Wales. 

Mr.  Roy  Hopping  submitted  to  me  for  examination  a  small 
specimen  of  impure  limonite  from  the  Broken  Hill  Mines, 
which  was  coated  upon  one  side  with  a  thin  layer  of  bright 
scarlet  or  minimum  red  color.  Under  the  microscope  this 
layer  proved  to  be  made  up  of  little  sharp-edged  cubes  abont 
1/10'"™  on  an  edge  and  with  slightly  etched  or  roughened 
faces. 

The  only  measurements  possible  were  with  the  cross  hairs. 
Any  face  brought  squarely  beneath  the  objective  was  either 
square  or  rectangular,  or  in  a  few  observed  instances  not  less 
than  three  and  probably  all  four  of  the  corners  were  replaced 
by  lines  equally  inclined  to  the  sides,  that  is  corresponding  to 
planes  of  the  octahedron.  Other  faces  showed  linear  markings 
parallel  to  both  diagonals.  Geometrically  everything  suggested 
the  hexoctahedral  class  of  the  isometric  system.  No  confirma- 
tion could  be  obtained  with  polarized  light  because  of  surface 
irregularities,  while  in  an  attempt  to  mount  for  grinding 
smooth  the  crystals  became  yellow  and  disappeared. 

The  following  tests  were  made  as  to  composition  :  A  group 
of  three  or  four  crystals  on  a  small  mass  of  gangue  was  heated 
on  a  glass  slide  and   watched,  during  the  heating,  through  a 
hand  glass.     The  crystals  slowly  and  apparently  completely 
volatilized  without  any  visible  change  of  color,  and  in  a  similar 
test  in  a  narrow  closed  tube  there  was  obtained  a  sublimate  in 
part  yellow  but  principally  of  the  original  bright  red  color, 
composed  however  of  crystals  which  were  rather  needle-like 
than  cubic.     Two  or  three  crystals  placed  on  white  pa{)er  and 
touched  with  a  hot  bead  gave  a  sublimate  corresponding  ex- 
actly to  the  red  and  yellow  sublimate  of  the  iodides  of  merenry 
which  is  obtained  by  heating  a  mercury  compound  on  a  plaster 
tablet  with  bismuth  flux. 

To  further  check  the  presence  of  mercury,  Mr.  J.  S.  McCorA 
made  for  me  Behren's  microchemical  test  for  mercury,  by  first 
subliming  two  or  three  particles  on  a  glass  slide,  dissolving  in^ 
aqua  regia,  evaporating  to  dryness,  and  then  adding  to  the  dry 
substance  a  minute  drop  of  each  of  aramonic  sulphocyanide  and 
cobalt  nitrate,  obtaining  immediately  the  fine  groups  of  bln^ 
diverging  needles  of  Co(CyS,),  Hg(CySJ.     A  parallel  test  was 
made  with  artificial  mercuric  iodide,  and  throughout  the  beha.^ 
vior  was  the  same.  The  deep  green  flame  of  copper  iodide  wa^ 
obtained  when  a  salt  of  phosphorus  bead  saturated  with  copped 
oxide  was  touched  to  a  crystal  of  the  substance  and  again  heated- 


Moaes — Mine7*alogioal  Notes.  99 

The  examination  suggests  very  definitely  mercuric  iodide  in 
isometric  crystals  of  the  hexoctahedral  (holoiiedral)  class. 
The  tetrahedral  copper  iodide,  marshite,  and  the  hexagonal 
silver  iodide  iodyrite*  both  occur  at  the  .Broken  Hill  Mines, 
and  Mr.  George  Smith  mentionsf  "  iodyrite  associated  with  a 
bright  red  mineral  readily  tarnishing  on  exposure  and  found  to 
be  sulphide  of  mercury."  The  specimen  examined  has  been 
in  my  possession  over  a  year  and  has  not  noticeably  tarnished, 
but  as  the  Castillos  mineral  coccinite  is  said  to  change  on  ex- 
posure, it  may  be  that  the  supposed  sulphide  of  mercury  will 
prove  to  be  the  mercuric  iodide  here  described. 

The  two  descriptions  of  "coccinite,"  the  Mexican  iodide  of 
mercury,  differ  notably  from  this  material.  That  of  Castillosf 
from  Zimapan  and  Culebras  is  "  in  acute  acicuiar  rhombic  pyra- 
mids 2-6™°*  long,  tine  red  to  yellow,  changing  to  greenish  gray 
and  dark  green  on  exposure;  transparent  to  translucent.  In 
closed  tube  a  sublimate  of  Hg,CI„  white  when  cold  and  leav- 
ing residuum  dull  red  hot,  orange  yellow  cold  and  before  blow- 
pipe turns  aurora  red  and  disappears  with  odor  like  selenium." 

The  older  description  by  Del  Rio  in  1828  of  material  from 
Oasas  Viejas,  Mexico,  describes  particles  of  reddish  brown 
2olor,  deeper  red  than  cinnabar,  on  selenide  of  mercury,  and 
idamantine  in  luster.  Castillos  says  the  specimens  labelled  by 
Del  Rio  contained  no  iodine. 

It  does  not  seem  that  the  name  coccinite  can  be  at  once 
apph'cable  to  the  acute  rhombic  pyramids  of  Castillos  and  the 
cubes  from  Broken  Hill  Mines,  and  it  is  hoped  that  more 
material  may  be  found  for  further  examination. 

(2)  New  Forma  on  Bergen  Bill  Pectolite, 

Mr.  F.  V.  Cruser,  student  in  chemistry  at  Columbia  Univer- 
sity, found  crystallized  pectolite  in  an  abandoned  quarry  at 
Weehawken,  N.  J.,  not  far  from  the  42d  Street  Ferry.  The 
crystals  are  needles  about  S"*""  long  by  only  3/10™'"  broad,  but 
f^air  reflections  were  obtained  from  two  of  the  crystals  by  use 

1  of  the  Goldschmidt  two-cir- 
cle  goniometer.      The  crys- 
tals were  mounted  with  the 

axis  b  normal  to  the  vertical 

circle   and   the  results  later 

^  ^  transposed  to  conform  to  the 

Conventional  position  with  the  axis  b  normal  to  the  vertical 
2»role. 
A.8  in  previously  recorded  measurements  the  faces  a  (100) 

*  Proceedings  Royal  Society  New  South  Wales,  xxvi,  326  and  371,  1892 ;  xxvii, 
>««,   1893:  Mix,  49  and  189,  1896.  fl^id.,  xxvii,  372. 

X  XHi»*s  System,  6th  Ed.,  161. 
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yielded  double  signals.  In  the  second  crystal  both  faces  of  a 
yielded  a  bright  and  a  doll  signal,  while  in  the  first  crystal  the 
two  signals  were  of  equal  intensity.  The  results  following 
are  derived  from  the  bright  signals  of  the  second  crystal. 

Crystal  1  showed  definitely  the  forms  a  (lOOJ,  c  (001), 
V  (101)  and  h  (540),  while  crystal  2  included  in  aadition  the 
forms  t  (lOl)  and  also  two  undescribed  domes  x  (102)  and  the 
very  flat  dome  y=(l-0'25),  but  does  not  include'  v.  Figure  1 
represents  all  the  faces.  The  coordinate  angles  as  obtained, 
after  transposition  to  the  conventional  position,  and  the  calcn- 
lated  CQorainate  angles  are  as  follows : 


Measured. 

Calculated. 

Face. 

^ 

P 

^ 

P 

c  (001) 

90° 

5^23' 

90*" 

5°20' 

a  (100) 

90 

90 

90 

90 

V  (101) 

90 

44  46 

90 

44  80 

X  (102) 

90 

30  27 

90 

30  30 

y  (1-0-25) 

90 

1  29 

90 

7  Z2\ 

t  (loi) 

90 

38  52 

90 

38  31 

A  (540) 

48  36' 

90 

48  25 

90 

a?,  y,  t  and  A  were  very  minute  faces  yielding  only  faint 
images. 
These  values  correspond  to  the  angles 

ac=j8=84^37'.     aw=45°14'.     aa;=59^33'.     ay=  82^*31'. 
a7=51°8'.  c<=44°l5'.      AA  =82^48'. 

It  is  to  be  noted  that  a  change  of  3'  in  the  determination  of 
the  position  of  a  would  almost  exactly  reduce  the  values  for 
Cy  X  and  y  to  the  calculated  values  and  would  lessen  the  differ- 
ences for  V  and  t.  This  amount  of  divergence  was  easily  pos- 
sible with  the  double  image.  On  the  other  hand,  it  is  to  be 
noted  that  the  angle  ac  for  the  isomorphous  wollastonite  is 
84®  30',  and  that  for  pectolite  it  has  been  variously  determined 
as  84°  35',*  84**  30',t  84°  WX  and  may  be  said  to  be  still 
uncertain. 

(3)  Neu)  Forms  on  Atacamite  Crystals  from  Chili. 

Mr.  John  C.  F.  Randolph,  mining  engineer,  brought  from 
the  Brilladora  Mine,  Paposo,  near  the  coast  in  the  northern 
part  of  the  Province  of  Atacama,  several  masses  of  crystals  of 
of  atacamite  which  diflFer  sufficiently  from  previously  examined 
crystals  to  warrant  description. 

*6reg  and  Lettsom,  Mineralogy  1858.  p.  213. 
f  DesCIoizeaux,  Mineralogie  1862,  i,  p.  547. 
X  Dana,  System  Mineralogy  1892,  p.  373. 
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bave  been  unable  to  identify  the  material  witb  anj  of  the 
rrcnces  described  by  Darapsky,*  and  it  is  evidently  not 
naterial  described  from  *  Sierra  Gorda,'  of  which  G.  F.  H. 
h  statesf  "that  crystals  of  atacamite  are  rarely  doubly 
inated  and  it  is  not  therefore  possible  to  determine  by 
1e  measurement  whether  the  mineral  is  truly  liolohedral, 
'eas  the  Brilladora  material  consists  almost  entirely  of 
>ly  terminated  crystals.  The  material  examined  by  Brog- 
shows  greater  similarity  than  any  other  both  in  the  pre- 
nating  faces  of  the  crystals  and  in  the  porous  ferruginous 
ne  and  associated  minute  crystals  of  gypsum.  Brogger, 
jver,  describes  the  crystals  as  in  general  "  poorly  formed 
usually  deeply  striated  vertical  zone"  and  rounded  edges 
poor  terminal  planes,  while  the  specimens  from  Brilladora 
J  consist  of  well-formed  crystals,  the  prism  faces,  though 
iwhat  curved  and  irregular,  are  not  striated  and  with  few 
ptions  the  crystals  are  doubly  terminated, 
gure  2  shows  the  usual  form  of  crystal  except  that  the 
ifying  prism  planes  are  represented  larger  than  in  the 
il  crystals,  in  which  they  are  little  more  than  knife-edge 
h.    The  crystals  are  not  tabular  but  are  usually  of  approxi- 

:Iy  equal  dimensions,  parallel  a  and  b  and  a  little  longer 
llel  c.  They  range  in  size  from  4x4X6""°  down.  Unaer 
nification  the  faces  of  the  prism  m  (110)  are  seen  to  be 


3 


itly  curved  and  they  yield  only  fair  reflections.  The  face 
.0),  parallel  to  the  cleavage,  is  in  some  crystals  rough  and 
lit,  in  other  crystals  smooth  but  dull  and  in  others  is  cen- 
Y  smooth  and  dull  but  with  a  narrow  periphery  (fig.  3)  of 
bt  material,  as  if  the  adjoining  faces  of  m  and  e  were  cov- 
with  a  thin  veneer.  This  face  b  sometimes  shows  rec- 
ular  pittings  similar  to  etch  figures  as  also  shown  in  fig.  3. 


eues  Jahrb.  f.  Min ,  ii.  I-I8,  1889. 
>it9Chr.  f.  Kryst,  iii,  488,  1879. 


f  Min.  Mag.,  xii,  15,  1898. 


•  •  _  •  •       • 

•  •     •     •       •( 


»••  ••■        •••«  •  •  fc   «.«.«.    '  •         ■ 

102  Moses — Minercdoaical  Notes. 

On  account  of  the  minuteness  of  the  modifying  faces  the 
measurements  were  made  upon  a  Goldschmidt  two-circle 
goniometer,  and  it  will  be  noticed  that  the  angles  obtained 
deviate  considerably  from  the  calculated  angles.  The  readings, 
however,  agreed  well  with  each  other  and  the  variation  from 
the  calculated  angles  are  due  principally  to  the  fact  that  in 
orienting  the  crystals,  in  the  absence  of  the  basal  plane,  the 
prismatic  zone  was  employed  and  in  all  recorded  measurements 
either  of  Chilian  crystals*  or  of  those  from  Wallaroo,  Soatli 
Austral ia,t  there  have  been  marked  variations  in  this  zone,  so 
great,  even  with  the  most  perfect  crystals,  that  the  calculated 
angles  only  result  as  an  average  of  many  different  crystals  and 
measurements. 

It  may  be  noted  that  many  of  the  crystals  are  interpene- 
trated and  with  some  appearance  of  regularity.  A  careful 
measurement  failed  to  prove  any  true  twinning. 

In   the  tabulation  which  follows  I  have  calculated  ^  and  p 

to  the  elements  obtained  by  Smith,:^  viz:  «:  A:  <?=  0*66130: 
1  :  0*75293,  and  have  used  as  a  meridian  a  position  mid- 
way between  the  reading  for  110  and  IlO,  assuming  this  to 
be  the  true  fK)sition  of  010.  Two  new  prisms  were  found, 
(150)  designated  by  7,  which  occurred  with  s  (120)  on  one 
crystal  in  easily  visible  faces,  the  other  (210)  designated  byiS 
and  of  which  two  very  narrow  faces  were  observed  which 
yielded  distorted  reflections.  All  of  the  measurements  with 
the  exception  of  7  (150)  were  obtained  from  one  bright  little 
crystal,  almost  octahedral   in  shape  and  approximately  IJ"" 

parallel  to  </,  ~b  or  [•.     Two  otlier  larger  crystals  were  measured 
and  showed  the  same  forms,  but  being  less  bright  gave  poorer 
reflections.     On  one  of  these  the  (150)  prism  was  found. 
The  ol)served  and  calculated  coordinates  were : 


Observed. 

CalcQlatecL 

Face. 

^ 

» 

/> 

P 

P 

b  010 

0° 

08' 

90° 

0° 

90** 

y  150 

16 

35 

90 

16 

50' 

90 

.<   120 

37 

12 

90 

37 

05 

90 

m  110 

56 

26 

90 

56 

31 

90 

i8  2lO 

12 

05 

90 

71 

42 

90 

t  Oil 

0 

02 

37 

4 

0 

36 

59' 

n  \1\ 

37 

04 

61 

58 

37 

05 

62 

06 

r  111 

56 

21 

53 

39 

56 

31 

53 

46 

•  8ee  previous  refereuces 

4  Zephan>viclu  Ber.  Ak.  Wien.  Ixiii.   6.  1S71:  Klein,  Neuea  J«hrb.  f.  >iio-» 
IS61>.  :U7:   R.  S.  Diua,  Miu.  Muth..  li.  103.  1874.  J  L.  c 
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Realgar  Crystah from  iStiohomit/i  County,  Washington. 

B  described  occurrences  of  realgar  in  this  country  have,  I 
le,  none  of  them  yielded  measurable  crystals.*  Certainly 
)  the  case  with  the  stalagmitic  material  from  Tellowstoiie 
described  by  Weed  anS  PirB6on+  and  the  biaded,  con- 
ly  aggregated  crystals  found  by  Blakef  beneath  the  lava 
)n  Connty,  Utah. 

rough  the  kindness  of  Prof.  J.  F.  Kemp  I  received  a 
nen  of  crystallized  realgar  from  a  vein  two  to  fonr  inches 
thick  in  a  tunnel  of  the  Penn  Mining  Co., 
^^j,,^^  Monte  Cristo   Mining   District,   Snohomisli 

_^J^^»^    County,  Washington,    The  crystals  rest  upon 
rT"!  ;    n»i   a  tliin  layer  of  nearly  black  tarnished  mar- 
casite. 

Most  of  the  crystals  are  long,  prismatic, 
and  so  embedded  that  little  more  can  be  seen 
titan  the  deeply  striated  faces  of  the  prism 
zone,  sometimes  30"°  in  lengtli.  Some  small- 
er crystals,  however,  show  also  three  terminal 
planes  suggesting  a  flat  rhomboliedron, 
e  best  of  these  crystals,  approximately  2x2"'"  cross  sec- 
was  carefully  detached  and  measured  with  the  two-circle 
meter.  The  occurring  forms  were,  as  shown  in  tig.  4: 
nacoida. — a  (100)  and  b  (010)  small  but  yielding  fair  sig- 

c(OOl)  large  but  dnll. 
■imng. — Tlio  prism  faces  were  striated,  but  two  faces  of 
10)  yielded   faint  separate  signals,  three  faces  off  (210) 
ed  moderately  good  signals,  and  there  were  indications  of 
of  A  (;670). 

'/ramids. — The  faces  of  n  (212)  yielded  good  reflections. 
le  coordinate  angles  measured  and  calculated  were : 


c(OOt)  89''32'  aa'ST'  80°  2Z''bb' 

6(010)  0  90  0  90 

(J(iao)  flO  01  90  90  90 

/(210)  so   18  90  50   38'  90 

m  (110)  37  11  90  37   13  00 

n  (5l2)  31   33  29  36  31    16  29  38 

ha^  tignres  a  crystal  from  Bosnia  with  the  same  ptedoi 
g  forms. 
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(5)    Vesuvianiie frmn  Nam 

Mr.  W.  M.  Lippitt  sent  to  rae  a  single  crystal  with  square 
cross  section  5/8  inch  on  a  side,  which  is  apparently  vesavi- 
anite.  It  was  found  near  the  surface  in  a  low  range  of  bills 
near  Bear  Mountain,  a  little  west  of  Pinos  Altos,  Orant  Co., 
New  Mexico.  It  is  corroded  and  dull,  but  with  the  hand 
goniometer  gives  the  angles  of  vesuvianite  as  closely  as  conld 
be  expected.  The  form  is  the  unit  pyramid  (111)  with  mere 
suggestions  of  the  prism.     The  specific  gravity  is  low,  3'12. 

(6)    Chrysoheryl  Crystal  from  New  York  City. 

Mr.  W.  G,  Levison  submitted  to  me  for  measurement  a 
crystal  of  chrysoheryl  which  he  found,  in  1893,  in  the  rock 
tasen  from  an  excavation  on  88th  Street,  near  Amsterdam 
Avenue. 

It  is  essentially  the  type  of  heartshaped  crystal  with 
prominent  pyramid  o  (111)  described  by  Cathrein*  as  occurring 
at  the  emerald  mines  of  Tokowaia,  and  is  composed  of  two 
individuals  with  the  usual  twinning  plane  p  (031).  It  is 
not   tabular,  the   dimensions   in    the   directions   of   the  axes 

a,  6,  c  being  approximately  8X10X14°*°".  In  color  it  is 
closely  the  green  of  the  chrysoheryl  from  Haddam,  Conn.,  and 
Peteredorf,  Moravia. 

The  observed  forms  were : 

Domes  and pinaeoids. — a  (100),  striated  and  yielding  double 
images;  b  (010),  dull;  and  i  (Oil),  large  but  very  dull. 

Pyrayniils. — o  (111),  bright  and  prominent  on  both  individ- 
uals;  n  (121),  small  and  yielding  only  a  shimmer;  a?  (515)» 
doubtful,  yielding  a  faint  image  between  o  and  ^'",  but  as  o 
and  o'"  nearly  coincide,  it  may  be  n'^'  of  the  second  individual, 
which  has  essentially  the  same  position. 

Prisma. — s  (120),  bright  and  prominent,  and  m  (110),  occar- 
ring  only,  as  indicated  in  the  figure,  in  the  deep  striations  of 
the  faces  a. 


Angle. 

Measured. 

Calculated. 

Rrror. 

oo' 

40°  11' 

40°  7' 

+  4' 

ha 

90  4 

90 

+  4 

ho 

70  01 

09  56 

+  6 

hn 

63   58 

53  51 

+  7 

hs 

4H   52 

46  40 

—6 

hfii 

64   57 

04  50 

+  7 

hi 

t)()    10 

59  53 

+  28 

OS 

39  47 

39  57 

—  10 

ox 

16  03 

15   53 

+  10 

♦  Zeitschr.  f.  Kryst..  vi,  239,  especially  fig.  4, 
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The  meaenred  angles  are  sufficiently  close  to  determine  the 
forms,  bat  are  iujiired  by  tbe  many  dull  faces  and  ttie  difficulty 
of  maintaining  the  rather  heavy  crystal  and  attnclied  quartz  in 
position. 

The  crystal  was  one  of  a  cluster  of  three  or  four,  as  frag- 
ments of  two  others  are  visible  as  well  as  their  cavities  in  the 
qnartz  gangue.  The  gangue  also  contains  oligoclase,  and 
attached  to  the  sides  of  tlie  cavities  in  the  quartz  are  fi'agments 
of  pvrite  as  if  this  mineral  iiad  filtered  in  between  the  ehryso- 
beryl  crystals  and  the  qnartz. 

The  crystal  is  shown  in  figure  5,  the  white  portions  shown 
in  the  faces  a  representing  very  nearly  as  in  the  actual  crystal 
tbe  deep  grooves  which  yielded  the  signals  corresponding  to 
m(llU). 


(')  A  Pyroxene  Oryttal  from  the  Copper  Mines  of  Ducictoren, 
Tetin. 

Pyroxene  crystals  are  recorded  as  occurring  at  the  Ducktown 
^jnes,  but  I  nave  found  no  description  of  their  faces,  and  for 
'hja  reason  and  also  for  certain  peculiarities  I  have  thought 
'nis  crystal  worthy  of  description. 

.  Among  the  specimens  in  theEgleston  Mineralogical  Museum 
'*  a  rather  largo  brown  crystal  of  varnish-like  Ulster  and  marked 
""■insluceucy.  It  measures  in  the  directions  of  the  axesa,  £,  h 
approximately  25x35x65°"°.  The  gangue  includes  a  wedge- 
^'laped  fragment  of  eiialcopyrite  5"""  thick  and  45™"'  long 
^.'^achcd  to  the  vertical  faces  and  a  small  amount  of  zoisiteand 
nl>rous  mineral  apparently  amphibole. 

The  peculiarity  of  the  crystal  is,  that  while  the  prismatic 
P'^ftion  belongs  to  a  single  individual  witli  faces  a  (100),  S  (010), 
"^  (110)  and  f  (310),  the  terminal  faces  indicate  three  indi- 
viduals with  a  progressive  change  in  faces,  as  shown  in  ortho- 
S^aphic  projection  in  figure  6,  in  which  one  face,  «'  (ill),  is 
•^nimon  to  all  three,  showing  only  partially  the  lines  of  June- 
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tion,  the  other  faces  belonging  definitely  to  three  individuals. 
Individual  I,  at  the  left,  shows  the  well-developed  faces  z'  (02l), 
«'  (IIl^  and  p  (lOl).  Individual  II,  central,  is  a  step  above 
indiviaual  I  and  shows  the  combination  of  faces  a  little  far- 
ther from  the  crystal  center,  and  also  a  slight  development  of 
&  (23l).  Individual  III,  to  the  right,  is  composed  of  faces 
still  farther  from  the  center  and  is  essentially  complete,  show- 
ing t/,  2,  5,  0^  as  well  as  u\  z\  %\  o\  but  does  not  show  p,  which 
is  the  most  prominent  plane  on  I  and  II. 

It  would  appear  that  during  the  growth  of  the  crystal  there 
was  some  change  in  conditions  vmich  resulted  in  a  partial 
replacement  of  tlie  comparatively  smooth  plane  p  (lOl)  by  the 
deeply  corroded  faces  of  o'  (221). 

Measurements  were  only  practicable  with  the  hand  goniome- 
ter on  account  of  the  weight  of  the  crystal. 


Measured. 

Recorded. 

Measured. 

Recorded. 

pb 

or 

90° 

//" 

37° 

38°  36' 

ob 

106 

105 

pa' 

74  + 

74    30 

zb 

40 

41    25' 

oa 

60 -h 

61   32 

sb 

59 

60  25 

za 

77 

79  36 

hh' 

49 

48  29 

sa' 

78 

76  34 

vnn'" 

93 

92  50 

fta 

64 

53  58 

Columbia  Universitr,  May  1901. 
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•.   XL — On  the  Motion  of  Compressible  Fluids;    by 

J.   WOODBRIDQE   DaVIS. 

the  case  of  steady  motion  of  a  perfect  fluid,  the  Eulerian 
ential  equations  of  motion  can  be  reduced  to  one  eoua- 
in  which  the  variation  takes  place  along  a  stream-lme. 
ntegral  of  this  is 


/ 


p  ^ 


ied  to  each  elemental  tube  of  flow,  that  is,  to  a  tube  of 
3le  infinitesimal  thickness  whose  boundary  is  composed 
ream-lines,  the  equation  of  continuity  becomes 

<Tqp  =  M.t  (2) 

y,  o",  ft,  are  the  pressure,  density,  velocity,  area  of  cross- 
>n,  and  potential  of  extraneous  forces  per  unit  mass,  at 
ariable  distance  s  measured  along  the  tube;  C  is  the  con- 
total  energy  per  unit  mass  carried  along  the  tube ;  M  is 
constant  quantity  of  fluid  that  passes  any  section  in  unit 
p,  o",  M,  are  necessarily  positive  in  a  physical  problem  : 
lay  always  assume  that  the  direction  of  the  motion  is  posi- 
and  this  we  have  done  in  forming  equation  (2).     Hence 
>  will  always  be  positive,  if  the  motion  is  physically  real, 
ten  the  fluid  is  compressible,  and  the  pressure  is  a  single- 
1  function  of   density  only,  such  that,  for  all  positive 
of  density,  the  density  increases  with  increase  of  pres- 
nd  diminishes  with  relief  of  pressure,  and  the  ratio  of 
',rement  of  pressure  to  the  increment  of  density  either 
\  constant  or  increases  with  compression,  we  may  write 

=/ (p),  -^  19  positive ;  -j~  18  zero,  or  is  positive.      (3) 
(1),  (3), 

♦ingle-valned  function  of  s\  and  so  is  ft  for  the 
ature.  But  q  is  apparently  not  single-valued.  At 
't  is  to  be  found  in  terms  of  a  and  ft,  by  the  solu- 
ation  (5),  which  is  equivalent  to  finding  the  inter- 

*  Lamb's  Hydrodynamics,  p.  23,  eq.  (3). 
fL.  c,  p  23,  Art.  23. 

M. — Fourth  Series,  Vol.  XII,  No.  68.— August,  1901. 
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sections  of  the  curves  represented  by  (2),  (4),  when  <r,  fi,  are 
constants,  and  p,  q^  are  variables.  (2)  becomes  the  coinmoQ 
hyperbola,  which,  as  or  increases  or  diminishes,  approaches  or 
recedes  from  the  intersection  of  the  axes  of  p  and  q.  One 
branch  of  this  hyperbola  occupies  the  quadrant  of  positive  or 
physical  values.  To  this  quadrant  we  shall  confine  our  atten- 
tion.    The  slopes  of  the  curves  (4),  (2),  with  respect  to  the 


W 


axis  of  p  as  a  horizontal  axis,  that  of  (4)  being  determined 
from  the  second  and  third  members  of  the  equation,  are 

^=-— .^^,       ^  =  -1  (6) 

dp  qp  '  dp^       dp  p 

Each  curve  continuously  slopes  downward  from  the  axis  of  J 
to  the  axis  of  p.     The  line 

according  to  (3),  is  either  parallel  to  the  axis  of  p  or  continu- 
ously slopes  upward  ;  hence  it  necessarily  intersects  (2).  When 
(7)  18  parallel  to  the  axis  of  p,  dp  is  the  product  of  dp  and  a 
positive  constant,  the  first  member  of  (1)  contains  the  logarithnfi 
of  p  as  a  factor,  q  in  (1)  or  (4)  is  infinite  where  p  is  zero,  and 
(4)  reaches  the  axis  of  q  at  an  infinite  distance;  hence  (7) 
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itersects  (4).  When  (7)  has  an  intercept  on  the  axis  of  y, 
ne  term  of  the  tirst  inembei;  of  (1)  is  the  logarithm  of  p  mal- 
iplied  by  a  positive  constant,  and  (4)  reaches  the  axis  of  q  at 
n  infinite  distance ;  hence  (7)  intersects  (4).  When  (7)  passes 
hrough  the  origin,  it  necessarily  intersects  (4).  Therefore,  (7) 
Iways  intersects  (4)  and  (2),  each  in  one  point  only. 

If  (4)  and  (2)  intereect,  the  downward  slope  of  the  former  is 
»  the  downward  slope  of  the  latter  at  the  point  of  intersection 
ccording  to  the  following  ratio  derived  from  (6) : 

It  an  intersection  that  occurs  below  the  line  (7),  the  down- 
ward slope  of  (4)  is  greater  than  the  downward  slope  of  (2) ; 
ence  there  cannot  be  more  than  one  intersection  below  the 
ne  (7).  Likewise,  above  the  line  (7)  cannot  be  more  than  one 
itersection,  and  there  the  downward  slope  of  (4)  is  less  than 
he  downward  slope  of  (2).  Consequently,  (4)  and  (2)  cannot 
itersect  at  more  than  two  points. 

By  variation  of  o-,  (2)  can  be  caused  to  intersect  (7)  at  every 
oint  of  the  latter  line,  and  consequently  at  the  point  where 
Ir)  crosses  it.  (4)  and  (2)  are  here  tangent  to  each  other,  as 
adicated  in  (7)  and  (8);  and  the  second  derivatives  reduced 

dp'^       qp     dp'    '        dp'   "  ^  p'    '  ^""^ 

how  that  the  contact  is  of  the  first  order,  and  that  in  the 
oimediate  neighborhood  of  the  tangent  point  the  line  (4)  is 
►etween  (2)  and  the  coordinate  axes.  There  can  now  be  no 
oints  of  intersection  of  (4)  and  (2),  since  at  least  one  of  the 
umber  could  not  conform  to  the  law  governing  the  slopes  of 
be  curves  at  the  intereection,  and  there  can  be  no  other 
ingency,  because  a  tangency  cannot  occur  away  from  the  line 
r).  So  every  point  of  (4),  except  the  point  of  tangency,  is 
•etween  (2)  and  the  coordinate  axes.  As  a  is  increased  with- 
ut  limit,  the  tangency  becomes  two  intersections,  and  these 
ontinue  to  exist  until  the  whole  length  of  (4)  is  traversed  to 
he  coordinate  axes,  because  neither  of  the  intersections  can 
iisappear  without  changing  into  a  tangency,  and  no  tangency 
an  occur  away  from  the  line  (7).  The  curves  (4)  and  (2)  have, 
-herefore,  two  intersections,  or  one  tangency,  or  two  imaginary 
intersections;  and  q  in  {b\  if  it  has  one  positive  value,  has 
also  one  other  positive  value,  and  only  one  other. 

Let  q\  q'\  denote  the  alternative  velocities  at  any  point  of 
the  lube.  (2)  and  (3)  show  that  there  are  two  corresponding 
alternative  densities,  p\  p'\  and  two  corresponding  alternative 
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pressures,  J?',  ^".  Of  these  two  sets  of  values  only  one  can 
represent  the  actual  motion  of  the  fluid;  let  this  be  j', p',  »'. 
Necessarily  q\  p'  are  everywhere  positive,  according  to  the 
first  paragraph,  since  the  motion  is  actual ;  consequently  q'\  p" 
are  everywhere  positive,  according  to  the  preceding  paragraph. 
Hence  the  motion  represented  by  q^\  p  ,  p'\  which  may  be 
designated  the  conjugate  motion,  is  physically  real,  and  is  con- 
nected with  the  actual  motion  by  the  relation,  contained  in 
(I),  (2),  that  in  each  case  the  same  quantity  of  energy,  CM, 
and  the  same  quantity  of  matter,  M,  pass  any  section  in  unit 
time. 

Pass  now  to  a  consecutive  tube.  The  parameters  and  vari- 
ables of  the  actual  motion,  as  contained  in  equations  (IV  (2), 
(3),  suffer  an  infinitesimal  variation  in  this  passage,  one  lactor 
of  the  variation  being  the  distance  between  the  tabes.  As 
this  distance  is  brought  to  its  limiting  value,  zero,  the  varia- 
tion in  p^  becomes  zero,  so  that  the  normal  pressures  on  oppo 
site  sides  of  a  stream-line  at  every  point  are  equal.  That  this 
condition  of  equilibrium  exists  is  necessary  to  the  hypothesis 
that  there  is  an  actual  flow  along  these  stream-lines.  But  the 
conjugate  flow  has  the  same  parameters  as  the  actual  flow,  and, 
thereiore,  in  the  passage  from  tube  to  tube,  also  suffers  an 
infinitesimal  variation  that  vanishes  at  a  streamline.  Conse- 
quently, the  conjugate  flow  is  in  equilibrium  along  the  same 
stream-lines.  It  thus  appears  that  any  actual  case  of  steady 
motion  of  a  perfect  compressible  fluid  whose  compressibility 
is  defined  in  expression  (3),  is  one  of  two  physically  real  solu- 
tions of  the  equations;  and  that  the  motions  represented  by 
these  solutions  differ  in  velocity  at  every  point,  but  have  the 
same  stream-lines  and  boundaries,  and  discharge  in  unit  time 
across  any  fixed  mathematical  surface  the  same  quantity  of 
matter  and  the  same  quantity  of  energy. 

Differentiate  (4)  with  respect  to  «,  for  the  moment  designat- 
ing the  quantity  after  f\>  by  /• : 

Divide  by  the  differential  equation  of  (1)  with  respect  to  s; 
there  results 

Now  diflferentiate  (5),  using  the  several  values  of  p,  dp-i-ds, 
and  (j)'  in  (4),  (10),  and  (11)  as  convenience  directs: 


I        da  dq    \_       qp    da 

\      di     ^di  \-      VdT*         ^"> 
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Let  q'  be  the  lesser  of  the  alternative  velocities,  and  q'^  the 
greater.     It  has  already  appeared,  as  illustrated  in  figure  1, 

that   q*   is   less  than  ^/dp'-^dp\  and  that  y"  is  greater  than 

^/ dp"-^dp" .  ^dp-rdp  is  the  velocity  of  sound  in  the  fluid 
where  the  density  is  p.  It  will  be  simpler  and  more  intelligible 
to  consider  separately  the  effects  of  changes  in  a  and  ft  ;  that 
is,  to  treat  one  as  a  constant  while  the  other  varies.  Thus  we 
learn  from  (13)  that  where  the  tube  is  narrowing,  or  the  poten- 
tial increasing,  q^  increases,  and  q'^  diminishes ;  that  where  the 
tube  is  widening  or  the  potential  diminishing,  q'  decreases  and 
q^'  increases;  and  that  where  the  tube  is  uniform  in  section,  or 
the  potential  constant,  q'  and  q"  do  not  cliange.  Comparison 
of  tKis  statement  with  figure  i  shows,  moreover,  that  the  curve 
(4)  approaches  the  intersection  of  the  axes  while  ft  increases, 
and  recedes  from  this  point  while  ft  diminishes. 

When  q\  q'\  become  equal,  each  satisfies  equation  (7).  If 
this  happens  where  the  tube  is  narrowing,  or  the  potential 
increasing,  dq-r-ds  =  zh  oo ,  the  upper  sign  pertaining  to  q^  and 
the  lower  to  q'\  Represented  graphically,  with  distances  laid  off 
as  abscisssB  and  velocities  as  ordinates,  the  meeting  of  q\  q^^ 
occurs  at  a  vertex  having  its  convexity  on  the  positive  side. 
Beyond  the  vertex  extend  imaginary  values  to  the  section 
where  appears  a  vertex  with  its  convexity  on  the  negative  side. 
This  must  be  where  the  tube  is  widening,  or  potential  decreas- 
ing, and  the  velocity  of  the  fiuid  is  equal  to  the  velocity  of 
sound. 

Equation  (5)  shows  that  wherever  a  has  the  same  value  in 
the  tube,  extraneous  forces  not  acting,  or  wherever  ft  is  the 
same  in  a  tube  of  uniform  cross-section,  the  values  of  q  are 
the  same.  Hence  the  alternative  velocities  become  equal,  in 
the  one  case,  wherever  in  the  tube  a  has  a  particular  value, 
and,  in  the  other  case,  wherever  ft  has  a  particular  value ;  and, 
wherever  a  is  less,  or  ft  is  greater,  than  its  particular  value,  the 
curves  (4),  (2),  have  receded  from  each  other,  and  the  velocities 
are  imaginary ;  and,  wherever  or  is  greater,  or  ft  is  less,  than 
the  particular  value,  the  curves  (4),  (2),  have  advanced  upon 
each  other,  and  the  velocities  are  unequal,  and  become  more 
and  more  separated  as  o*  or  ft  departs  from  its  particular  value. 

While  we  confine  our  attention  to  a  particular  cross-section 
3f  the  tube,  suppose  the  quantity  of  matter,  M,  that  in  unit 
time  flows  across  any  section,  retaining  the  constant  energy  C 
per  unit  mass,    continuously  increases  from  zero,   as    in   an 
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infinite  nnmber  of  consecative  cases  of  steady  motion,  a  and 
XI  are  now  constant ;  the  cnrve  (4)  is  fixed,  and  the  cnrve  (2) 
recedes  from  coincidence  with  the  axes  to  an  indefinite  die- 
taace.  The  alternative  velocities  approach  each  other,  become 
equal,  and  become  imaginary.  Each  section  has,  therefore,  a 
limited  capacity  for  the  discharge  of  fluid.  Evidently  this 
capacity  varies  as  <r,  and  is  greater  as  the  curve  (4)  is  farther 
from  the  intersection  of  the  axes,  or  as  A  is  less,  or  as  C  is 
greater,  and  is  less  as  Si  is  greater  or  C  is  less.  If  the  energy 
per  unit  mass  should  also  increase  with  suflicient  rapidity,  the 
capacity  of  each  section  would  not  be  reached ;  otherwise,  it 
is  ultimately  reached,  and  the  section  whose  area  is  least,  or  at 
which  the  potential  is  greatest,  limits  the  capacity  of  the  tube 
as  a  conduit. 

When  the  capacity  of  the  tube  is  not  reached,  the  velocity 
is  either  everywhere  less  than  the  velocity  of  sound,  or  every- 
where greater.  When  the  capacity  of  the  tube  is  reached,  the 
velocity  at  the  section  of  least  area  or  where  the  potential  is 
greatest.  Is  equal  to  the  velocity  of  sound  at  that  point,  and 
there  the  first  derivative  of  the  velocity  with  respect  to  dis- 
tance  assumes   the  indeterminate  form  — .     To  resolve  this, 

0  ' 

differentiate  (2)  with  respect  to  «,  and  cancel  the  term  contain- 
ing da-T-ds ;  then 


{df^\_(£pclp  _  _^   P_dq^  .,  .X 

[dp   S"  dp'(f8   "       dp'  q   ds'  ^    ^ 


With  the  aid  of  (14)  differentiate  numerator  and  denominator 

tin 

of  (13)  once  and  solve  for  -^: 

/    dp  q  d'fT  /  _    cTO 

When  -3-r  ,    or  -j--^.  is  zero,  3^  =  d=  0. 
ds  ds  ds 

When  the  capacity  of  the  tube  is  reached,  the  conjugate 
flows  meet  at  tne  critical  section  with  equal  velocities,  densi- 
ties, and  pressures,  and  are,  consequently,  there  indistinguish- 
able.' On  either  side  of  this  section,  which  of  the  two  possible 
flows  is  actual,  is  determined  by  conditions  existing  on  that 
side.  Hence  it  is  possible  for  the  actual  flow  to  have  a  veloc- 
ity less  than  sound  on  one  side  and  greater  on  the  other.  That 
this  is  not  a  natural  case  appears  as  follows :  On  either  side  of 
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the  critical  section  the  density  in  one  of  the  flows  is  every- 
where considerably  greater  than  in  the  other,  and,  therefore, 
the  mass  of  fluid  is  considerably  different  in  the  two  flows. 
Now  suppose  the  quantity,  M,  of  fluid  passing  any  section  in 
unit  time  increases  from  zero  to  the  capacity  of  the  critical 
section.  Through  all  this  range  the  velocity  of  the  fluid 
everywhere  in  the  tube  remains  on  one  side  of  the  velocity  of 
sound  until  at  the  limit  it  may  still  remain  everywhere  on  that 
side,  or  may  pass  from  one  side  to  the  other  at  the  critical 
section.  Hence  one  solution  at  the  limit  is  continuous  with 
all  the  previous  solutions,  and  the  other  is  isolated.  The  iso 
lated  case  cannot  originate  from  a  flow  that  increases  to  the 
capacity  of  the  tube,  for  this  would  involve  at  the  final  instant 
in  the  total  mass  of  the  fluid  an  instantaneous  change  of  con- 
siderable magnitude.  Neither  can  it  exist  in  a  tube  that 
returns  into  itself  and  has  only  one  section  of  least  area  or  of 
greatest  potential. 

The  behavior  of  the  conjugate  flows  in  any  space  may  be 
summed  up  as  follows :  If  in  either  flow  the  velocity  of  the 
fluid  at  any  point  is  less  than  the  velocity  of  sound  at  that 

I)oint,  then,  in  general,  the  velocity  of  the  fluid  is  everywhere 
ess  than  the  velocity  of  sound,  or  may  reach  the  latter  as  a 
limit  If  the  velocity  is  greater  than  that  of  sound  at  one 
place,  it  is  greater  at  all  places,  or  may  diminish  to  the  velocity 
of  sound  as  a  limit.  One  conjugate  velocity  is  everywhere 
greater  than  the  other  conjugate  velocity,  or  may  diminish  to 
equivalence  with  the  latter  as  a  limit  where  each  becomes 
equal  to  the  velocity  of  sound.  The  places  of  greatest 
velocity  and  least  density  in  one  case  are  the  places  of  least 
velocity  and  greatest  density  in  the  other.  In  the  approach  to 
a  gorge  or  place  of  higher  potential  the  more  rapid  flow  is 
retarded  and  the  other  is  accelerated ;  the  recession  from  a 
gorge  or  place  of  higher  potential  produces  inverse  effects. 
Under  very  special  conditions  the  velocity  of  the  fluid  is  not 
limited  by  the  velocity  of  sound. 

There  is  an  inferior  limit,  p^,  to  the  density  of  a  compres- 
sible liquid,  whereas  the  density  in  the  pressure-density  formula, 
(3),  of  that  liquid,  and,  therefore,  in  equation  (4),  is  continu- 
ous from  zero  to  infinity.  Hence  the  foregoing  conclusions 
have  a  limited  application  to  liquids.  Suppose  tlie  line  p  ~  p^ 
to  be  drawn  in  figure  1.  If  now  the  actual  motion  is  such 
that  both  intersections  of  (4)  and  (2)  always  occur  on  the  posi- 
tive side  of  the  line  p  =  po  for  every  elemental  tube  of  flow, 
there  is  also  a  conjugate  motion  ;  otherwise,  there  is  no  conju- 
gate motion,  and  the  conclusions  of  the  preceding  paragraph 
are  only  partially  applicable. 
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Note.  On  page  177,  volume  x  of  the  Memoirs  of  the  Man- 
chester Literary  and  Philosophical  Society,  1887,  in  a  para- 
graph of  a  paper  entitled  '*  On  the  Flow  of  Gases,"  read  before 
the  Society  November  17,  1885,  Professor  Osborne  Reynolds 
notes  that,  when  a  gas  is  flowing  through  a  channel  of  variable 
section,  the  pressure  at  every  point  of  the  channel  may  have 
in  general  either  of  two  unequal  values ;  whereas,  if  the  fluid 
were  incompressible,  the  pressure  could  have  but  one  value. 
This  is  the  only  published  notice  the  present  writer  has  seen 
of  the  dual  values  that  occur  in  problems  relating  to  the 
motion  of  compressible  fluids.  The  apparent  governing  effect 
of  the  velocity  of  sound  upon  the  behavior  of  conopressible 
fluids,  is  set  forth  in  an  interesting  manner  by  Professor 
Reynolds  in  the  paper  just  mentioned,  and  by  Hugoniot  in  a 
communication  published  in  Comptes  Rendus,  page  1178, 
volume  ciii,  1886,  in  the  case  considered  by  these  authors  of  a 
flow  through  an  orifice  or  minimum  section.  The  present 
writer  has  recently  been  perplexed  by  meeting  with  the  dual 
values  in  several  problems.  Professor  Horace  Lamb  of  Man- 
chester, England,  who  courteously  examined  one  of  the  prob- 
lems, and  rendered  the  solution  more  definite  by  employing 
the  method  of  discussing  the  intersections  of  the  curves  (2), 
(4),  as  followed  in  this  paper,  expressed  the  decided  opinion 
that  only  those  values  which  are  continuous  with  the  observed 
or  assumed  values  at  a  given  point  belong  to  the  problem  in 
hand.  Impressed  by  this  statement,  the  writer  set  about 
inquiring  into  the  meaning  of  the  values  that  appear,  only  to 
be  disregarded,  with  the  result,  arrived  at  in  the  foregoing 
paper,  that  they  belong  to  a  separate  motion  related  to  the 
actual  motion,  as  the  branches  of  a  hyperbola  are  related,  by 
having  the  same  equations  and  the  same  parameters. 


Norton — Action  of  Sodium  Thio%ulph(Uey  etc.        115 


Art.  XII. — The  Action  oj  Sodium  Thiosulpkate  on  Solu- 
tions of  Metallic  Salts  at  High  Tem^peratures  and  Pres- 
sures;  by  John  T.  Norton,  Jr. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  University — C.J 

The  use  of  sodium  thiosulphate  as  a  substitute  for  hydrogen 
sulphide  in  effecting  precipitations  and  its  apph'cation  in  the 
case  of  arsenic,  antimony,  copper  and  platinum  was  suggested 
by  Himly*  before  the  middle  of  the  present  century.  Thirteen 
years  later  Vohlf  and  Slater,:]:  independently,  drew  attention 
to  this  use  of  sodium  thiosulphate  ajid  extended  the  investiga- 
tion to  salts  of  tin,  mercury,  silver,  gold,  lead,  bismuth  and 
cadmium.  Slater  in  addition  studied  the  action  of  sodium 
thiosulphate  upon  chromic  acid,  molybdates,  ferrous  and  ferric 
ferrocyanides,  ferric  sulphocyanide  and  potassium  perman- 
p:anate.  Following  out  these  linos,  the  precipitation  of  copper 
together  with  arsenic  and  antimony  by  treating  with  sodium 
thiosulphate  the  hot  solution  containing  sulphuric  acid  and  the 
separation  of  these  elements  from  tin,  zinc,  iron,  nickel,  cobalt 
and  manganese  has  been  advocated  by  Westmoreland§ ;  and 
quite  recently  Faktor||  has  studied  the  action  of  sodium  thio- 
sulphate upon  neutral  salts  of  several  of  the  elements  men- 
tioned, as  well  as  the  modifying  influence  of  ammonium  chloride 
and  other  salts  upon  the  course  of  the  reaction. 

Subsequently  to  the  work  of  Himly,  Vohl,  and  Slater,  Chan- 
cel^^  developed  his  well-known  method  for  the  precipitation  of 
alnminam  as  the  hydroxide  and  its  separation  from  salts  of  iron 
bj  boiling  with  sodium  thiosulphate  the  nearly  neutral  solu- 
tion, containing  the  salts  of  aluminum  and  iron,  at  suitable 
dilution ;  and  upon  an  extension  of  the  principle  of  Chancel's 
separation  of  aluminum  from  iron,  Stromeyer**  founded  his 
well-known  processes  for  the  separation  of  titanium  and  zir- 
conium from  iron.     The   latter  process   appears  to  be  fairly 
trustworthy;    but    of    Chancel's    method,-  although    it    has 
niet  with  wide  acceptance,  it  was  shown  bj'  Wolcott  Gibbs 
^ery  soon  after  its  announcementff  that  it  fails  to  bring  about 
complete  separation  of  alumina  within  a  reasonable  period  of 
filing,  and  this  result  has  been  confirmed  by  Zimmerman,:]::!: 
^'io  has   shown  that   the   boiling  must  be  continued  fifteen 
hours  in  order  to  complete  the  precipitation  of  the  alumina. 

*  Ann.  Chem.  (Liebig),  xliii,  160.  \  Ann.  Ohem.  (Liebig),  xcvi,  237. 

J  Chemical  Oasette,  1855.  p.  369.  t§  Jour.  Soc.  Ohem  Ind.,  v.,  61. 

[Centralblatt*  1900.  ii,  20.  67,  2H9,  594.  If  Compt.  rend.,  xlvi,  987. 

^  Add.  Chem.  (Liebipr),  cxiii,  127.  ff  2^itschr.  anal.  Chem.,  iii,  389. 
ttlnaug.  Diss.,  Berlin,  1887. 
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It  was  shown  by  Dr.  Gibbs  that  when  the  treatment  of  salts 
of  aluminum  by  thiosulphate  was  carried  on  in  sealed  tubes  under 
pressure  at  120°  C,  the  precipitation  of  alumina  was  complete, 
and  further  that  the  precipitation  of  sulphides  of  nickel,  cobalt 
and  iron,  though  partial  under  ordinary  atmospheric  pressure, 
was  made  complete  .by  heating  in  sealed  tubes  to  120^-140°  C. 

In  repeating  the  experiments  of  Dr.  Gibbs  qualitatively  and 
extending  them,  I  have  made  use  of  the  well-Known  Pfungst 
tube  to  secure  the  necessary  pressure.  In  each  experiment  a 
test  tube  containing  the  mixture  of  an  excess  of  sodium  thio- 
sulphate with  the  salt  whose  action  was  studied  was  placed 
witnin  the  Pfungst  tube  containing  some  water,  the  cover  of 
the  latter  was  set  in  place  and  firmly  bolted  upon  a  washer  of 
lead,  and  the  whole  was  submitted  to  temperatures  varying 
from  140°  to  200°  C.  for  an  hour  by  immersing  in  a  bath  oi 
paraffine.  After  cooling,  the  test  tube  was  taken  out,  the  pre- 
cipitate was  filtered  oflF,  and  the  filtrate  tested  by  appropriate 
reagents  to  determine  the  completeness  of  precipitation.  The 
following  table  records  the  details  of  these  experiments  : 


Action  of  Na,S,0,  on  Salts  under  Pbussubb. 


Salts  used. 


NiSO, 

CoSO, 

FeCl, 

ZnSO, 

PbO,(C.H,0), 

Hg(NO.), 

AgKO, 

CuSO, 

CdSO, 

KSbC,H,0, 

Bi(NO.), 


NH,Al(SOJ,12H,0 

K.CrO, 

K,Zrt, 

K,TiF. 

Th(NO,), 


Precipitates. 
Sulphides. 

NiS  +  S 
CoS  -hS 
FeS4-  S 
ZnS  -f  S 
PbS  +S 
HgS  +  S 
Ag,S  +  S 
CuJS,(Cu,S),  +  S 
CdS-h  S 
Sb,S.  +  s 
Bi,S,  +  S 

hydroxides, 

A10,H,  +  S 
CrO.H.  +  S 
ZrO^H,  4-  S 
TiO^H,  +  S 


Degree  of  PrecipitatioD. 
Complete. 


C( 


i( 


(( 


C( 


SeO, 
TeO, 


Elements. 

Se  +  S 
Fe  +  S 


ri^ 


cc 
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Salts  used.  Predpitates.  Degree  of  Precipitation. 

Sulphides, 

MnSO.  MnS  +  S  Partial. 

AuCl,  Au,S  +  S  " 

(NH  j,MoO,  MoS,(?)  +  S,  Red  liquid      " 

H^i/droxides. 


a 


C( 


9 


u  Si  a  ic 

H  C(  (C  (( 

cc  ti  a  u 


BeCI.  BeO.H. 

Undetermined. 

(NHJ,U,0,  Black 

K,PiCl,  Gray,  reddish  brown  liquid 

CeCI,  White,  yellow  liquid  '' 

CaCl 

SrCL 

BaCl, 

MgSO.  Trace. 

NH  VO,                       Brown  liquid  " 

II^KAsO,  " 

A  perusal  of  this  table  brings  to  light  several  interesting 

acts.     It  appears  that  salts  of  nickel,  cobalt,  iron,  zinc,  lead, 

nercury,  silver,  copper,  cadmium,  antimony  and  bismuth  are 

»mpletely  precipitated  as  sulphides  by  sodium  thiosulphate 

mder  the  prevailing  conditions  of  temperature  and  pressure.    In 

^e  case  of  manganese  precipitation  is  only  partial,  and  arsenic 

)e8  not  seem  to  be  precipitated  from  an  arsenate  without  the 

^dition  of  acid.    Tin,  curiously  enough,  is  not  thrown  down  as 

e  sulphide  from  a  stannous  salt,  but  gives  a  dirty  white  precipi- 

e  of  uncertain  composition.     Salts  of  aluminum,  chromium, 

mium,  zirconium  and  thorium  are  completely  precipitated 

the  hydroxides ;  but  in  the  case  of  beryllium,  which  one 

\ld  expect  to  act  similarly,  the  precipitation  as  the  hydrox- 

is  incomplete.     Salts  of    selenium  and  tellurium  are  re- 

d,  and  tlie  elements  are   precipitated.     The  precipitates 

ned  with  barium,  strontium  ana  calcium  were  white  in  a 

t  yellow  liquid,  but  no  study  was  made  of  the  constitution 

•ecipitate  or   liquid.     In    the    case  of    magnesium  there 

0  precipitate.     Salts  of  molybdenum,  vanadium  and  ura- 

gave  dark-colored  liquids.     Thallium   yielded   a   white 

i  mass  which  on  compression  was  reduced  to  a  very  small 

ithout  disintegrating.     Salts  of  gold  and  platinum  gave 

dark  precipitates,  presumably  sulphides,  surrounded  by 

lored  liquids. 

apparatus   used  in    these   experiments   and    described 

easily  handled  and  answers  sutficiently  well  for  quali- 

>urpose6.     But,  obviously,  the    introduction    into   pre- 

of  foreign  matter  caused  by  the  action  of  water  on 
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the  glass  of  the  test-tube  and  porcelain  lining  of  the  Pfnngst 
tube  precludes  the  possibility  of  an  exact  quantitative  study  of 
the  reactions  involved.  For  the  subsequent  experinfients,  there- 
fore, conducted  upon  the  saine  general  lines,  a  digester 
with  an  interior  cylindrical  cavity  of  about  12*^  in  depth 
by  5*^™  in  diameter,  and  provided  with  a  pressure  gauge, 
was  employed.  As  a  container  for  the  solutions  to  be  tested 
use  was  made  of  a  platinum  cylinder,  4^  in  diameter  and  10*^" 
deep,  provided  with  a  loose  cover.  With  this  apparatus  the 
followmg  quantitative  experiments,  which  deal  with  those  ele- 
ments which  are  precipitated  as  hydroxides,  namely,  aluminum, 
beryllium,  chromium,  zirconium  and  titanium,  were  made. 

In  each  case  a  weighed  quantity  of  the  salt  taken  for  the 
experiment  was  dissolved  in  50*^  of  water  in  the  platinum  ves- 
sel, and  to  this  a  known  amount  of  sodium  thiosulphate  was 
added.  The  vessel  was  placed  in  the  digester,  and  the  latter 
was  heated  by  a  Bunsen  burner  in  the  customary  way  until  the 
required  pressure  was  shown  on  the  gauge.  The  apparatus 
was  then  cooled  and  the  platinum  vessel  removed  from  the 
digester.  Tlie  precipitate  was  filtered  oflf  on  ashless  paper, 
ignited,  and  weighed. 

Experhnents  with  a  Salt  of  Aluminum, 

In  a  series  of  experiments  made  accordingto  the  method  of 
Chancel,  the  results  of  which  are  shown  in  Table  II,  the  solu- 
tion in  water  of  a  weighed  portion  of  pure  ammonium  alnncx 
was  treated  with  an  excess  of  sodium  thiosulphate  and  boiled 
vigorously  for  periods  varying  from  ten  minutes  to  half  aTx 
hour. 

Table  II. 


AroouDt  of  Alum 
taken  as  AUOs. 

Amount  of  NasSsOs. 

AUOs  found. 

Error. 

grms. 

grms. 

grms. 

grms. 

1. 

•0537 

Large  excess 

•0471 

•0066- 

2. 

•0637 

((                  u 

•0397 

•0140- 

3. 

•1083 

((             a 

•0931 

•0162- 

4. 

•1137 

5  grms. 

•0979 

•0168- 

5. 

•1139 

2       ** 

•1002 

•0137- 

These  results  substantiate  the  observations  of  Gibbs*  and  of 
Zimmerman,t  and  show  clearly  that  the  boiling  of  solutions 
of  the  aluminum  salt  and  sodium  thiosulphate  for  a  reasonable 
time  does  not  eflPect  the  complete  precipitation  of  aluminum  as 
the  hydroxide. 

Table  III  shows  the  result  of  submitting  solutions  of  am- 
monium alum  treated  with  varying  quantities  of  sodium  thio- 

♦  Loc.  cit.  t  ^C'  c^^' 
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sulphate  to  a  pressure  of  20  atmospheres  in  the  digester.  It 
usually  required  about  40  minutes  to  raise  the  pressure  to  the 
limit  set ;  but  this  limit  once  reached,  the  digester  was  allowed 
to  cool  slowly.  The  duration  of  an  experiment  was  about  two 
hours. 


Table  IIL 

Alum  taken 

AmouDt  of 

as  AUOs. 

NasSsOs  used. 

AlaOs  found. 

Error. 

grms. 

grms. 

grms. 

grms. 

•0565 

5 

•0633 

•0068  + 

•1132 

10 

•1154 

•002*2  + 

•1163 

5 

•1186 

•0033  + 

•1128 

3 

•1129 

•0001  + 

•1126 

3 

•1142 

•0016  + 

•1128 

2 

•1120 

•0008  — 

•1136 

2 

•1121 

•0015  — 

•1128 

2-5 

•1136 

•0008  + 

•1124 

2-6 

•1127 

•0003  + 

•1134 

2-26 

•1133 

•0001- 

This  table  shows  that  sodium  thiosulphate  precipitates  alumi- 
num completely  as  the  hydroxide  when  pressure  is  employed. 
The  high  results  seen  in  some  of  the  experiments  appear  to  be 
due  to  the  difficulty  of  removing  by  ignition  the  large  amounts 
of  sulphur  formed  in  the  action,  as  well  as  to  the  salts  mechani- 
cally mcluded  in  the  precipitate.  The  amounts  of  sulphur  and 
contaminating  salts  present  depend  upon  the  amount  of  thio- 
sulphate taken  ;  therefore  this  should  be  as  small  as  possible, 
2  to  3  grms.  being  sufficient  to  precipitate  all  the  alumina  in  a 
fCi^m  of  alum.  When  the  amount  of  thiosulphate  is  reason- 
^Wy  restricted  the  weights  of  alumina  accord  fairly  well  with 
^lie  theory. 

iJxperiments  with  a  Salt  of  Chromium. 

Up  to  the  time  of  the   completion    of   this  work    nothing 
appears  to  have  been  done  upon  the  quantitative  precipitation 
of  chromium  as  the  hydroxide  by  means  of  sodium   thiosul- 
phate.  Slater*  and  Rosef  make  mention  of  the  action  of  sodium 
thiosulphate  upon  chromic  acid,  bichromates  and  neutral  chro- 
mates,    but   give   no   quantitative   data.     Recently,  however, 
F.  FaktorJ  has  studied  the  action  of  sodium  thiosulphate  on 
chromium  compounds.      This  investigator  has  found  that  if 
aqueous  solutions  of  potassium  bichromate  and  sodium   thio- 
sulphate are  boiled  together,  a  brown  precipitate  of  hydrated 
Cr,0,,  CrO,  separates  out  and  the  liquid  turns  yellow  owing  to 

*  Loc.  cit  f  Traite  de  Chimie  Analjtique,  vol.  i,  p.  479. 

X  Zeitachr.  anal.  Chem.,  1900,  xxxiz,  345. 
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the  formation  of  normal  chromate.  A  solution  of  potassinm 
chroraate  is  unaffected  by  boiling  with  thiosulphate,  but  in 
presence  of  ammonium  or  of  magnesium  chloride  the  chro- 
mium is  separated  rapidly  and  completely  in  the  same  form 
as  with  the  bichromate,  and  after  continued  boiling  with  an 
excess  of  thiosulphate  all  the  chromium  present  is  precipitated. 
Faktor  also  found  that  a  solution  of  chromic  chloride  is  com- 
pletely decomposed  by  continued  boiling  with  thiosulphate, 
chromic  hydroxide  and  sulphur  being  precipitated. 

In  the  experiments  shown  in  Table  IV  a  weighed  quantity 
of  pure  potassium  bichromate  was  dissolved  in  water,  a  known 
amount  of  sodium  thiosulphate  added,  and  the  whole  submit- 
ted to  a  pressume  of  20  atmosplieres  in  the  digester.  After 
cooling,  the  precipitate  was  filtered  off  on  an  ashless  paper, 
ignited  and  weighed  as  Cr,0,. 


Table  IV. 

KaCrsO?  taken 

Amount  of 

as  CraOs. 

NaaSaOg.               Or,0«  found. 

Error. 

grins. 

grms.                        grms. 

gjms.. 

1.          -1330 

3                            -1341 

•0011  + 

2.          -1330 

2.5                        -1326 

•0004  - 

3.          -1322 

2-5                          1318 

•0004  + 

4.            1303 

2                            -1303       . 

•OOUO  - 

5.            1301 

2                            -1310 

•0009  + 

6.          -1320 

2                            -1322 

•0002  + 

The  results  of  these  experiments  are  very  satisfactory  and 
show  that  under  pressure  sodium  thiosulphate  precipitates 
chromium  rapidly  and  completely  as  the  hydroxide.  It  is 
advisable  to  use  as  small  a  quantity  of  thiosulphate  as  possible 
in  order  to  prevent  the  presence  of  much  free  sulphur  in  the 
precipitAte. 

JExperiments  with  a  Salt  of  BerijUium, 

In  experiments  dealing  with  beryllium  the  salt  used  was  the 
chloride,  a  certain  amount  of  which  was  dissolved  in  water 
diluted  to  a  liter  and  the  amount  of  beryllium  present  deter- 
mined by  precipitating  with  ammonia  and  weighing  as  the 
oxide.     Measured  quantities  of  this  solution  were  drawn  from 
a  burette  as  required.     When  a  solution  of  a  salt  of  beryllium 
and  sodium  thiosulpliate  are  merely  boiled  together,  nearly  all 
the  beryllium  remains  in  solution.     It  was  expected  that  the 
use  of  pressure  would  throw  out  all  the  beryllium,  but,  curiously 
enough,  when  solutions  of  ])eryllium  chloride  and  sodium  thio- 
sulphate were  submitted  in  the  digester  to  pressures  ranging 
from  10  to  80  atmosplieres,  only  a  partial  precipitation  of  the 
hydroxide  took  place. 
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To  prepare  a  standard  solution  of  the  salt  of  zirconium  it 
was  founa  to  be  most  convenient  to  beat  tbe  double  fluoride 
of  potassium  and  zirconium  with  sulphuric  acid,  evaporate  to 
dryness  in  platinum,  dissolve  the  zirconium  sulphate  remain- 
ing in  water  and  enough  sulphuric  acid  to  prevent  the  precipi- 
tation of  the  basic  salt,  and  dilute  to  standard  volume.  Meas- 
ured portions  of  the  solution  were  taken  from  a  burette  as 
required  for  the  experiments.  The  presence,  however,  of  so 
large  an  amount  of  sulphuric  acid  as  was  necessary  to  keep  the 
zirconium  salt  in  solution  tends  to  decompose  sodium  thiosul- 
phate  so  rapidly  that  it  was  found  necessary  to  nearly  neutralize 
the  solution  with  ammonium  carbonate  before  adding  the 
sodium  thiosulphate.  The  solution  of  zirconium  sulphate  was 
standardized  by  precipitating  with  ammonia  aud  weighing  as 
the  oxide. 

In  experiment  1  of  Table  V,  the  solutions  of  zirconium  sul- 
phate and  sodium  thiosulphate  were  boiled  together  for  a  few 
minutes  and  then  the  precipitate  filtered  oflF,  ignited  and 
weighed  as  the  oxide.  In  experiments  2-5  inclusive,  similar 
solutions  were  submitted  to  a  pressure  of  20  atmospheres  in 
the  digester. 


Table  V. 

ZrOs  UkeD. 

NaaSaOt 

taken. 

ZrOa  found. 

Error. 

grms. 

grms 

■ 

grms. 

grms. 

1. 

•0658 

3 

•0651 

•0007  — 

2. 

•0658 

3 

•0676 

•0016  + 

3. 

•0666 

2 

•0670 

•0004  - 

4. 

•0641 

2 

•0648 

•0007  + 

5. 

•0641 

2 

•0645 

•0004  + 

These  results  clearly  show  that  sodium  thiosulphate  precipi- 
tates zirconium  completely  as  the  hydroxide  either  with  or 
without  the  aid  of  pressure. 

Experiments  toith  a  Salt  of  Titanium. 

The  solution  of  the  salt  of  titanium  was  obtained  by  treating 
the  double  fluoride  of  potassium  and  titanium  with  sulphuric 
acid,  evaporating  to  dryness,  and  dissolving  the  residue  m  sul- 
phuric acid  and  water.  The  solution  was  standardized  by  pre- 
cipitating the  titaninm  hydroxide  with  ammonia  and  then  add- 
ing an  excess  of  acid  as  recommended  by  Gooch."'^  This 
method  of  procedure  avoids  the  tendency  to  excessive  weight 
observed  when  the  titanium  hydroxide  is  precipitated  by 
ammonia  in  presence  of  salts  of  the  alkalies. 

*  Amer.  Chem.  Jour.,  yii,  285. 


122        Norton — Action  of  Sodium  Tkiomiphate^  etc. 

In  the  following  table  is  shown  the  effect  of  treating  a  solu- 
tion of  titanium  sulphate  with  sodium  thiosulphate.  Experi- 
ment 1  was  conducted  by  merely  boiling  a  solution  of  the 
reagents  named  above,  filtering  off  the  precipitate"  and  weigh- 
ing as  the  oxide.  In  experiments  2  and  3  the  solution  of 
titanium  sulphate  and  sodium  thiosulphate  was  submitted  to  a 
pressure  of  20  atmospheres  in  the  digester. 


Table  VI. 

TiOa  taken. 

Na^SaO  takeiL 

TiO,  taken. 

Error. 

grniR. 

grms. 

grms. 

grms. 

1. 

•0240 

2 

•0237 

•0003— 

2. 

•0240 

2 

•0240 

•OOOOrh 

3. 

•0240 

2 

•0240 

•OOOOrh 

These  result*  show  that  titanium  is  completely  precipitated 
by  sodium  thiosulphate  either  with  or  without  the  aid  of 
pressure. 

To  recapitulate:  I  have  shown  that  sodium  thiosulphate 
will  completely  precipitate  aluminum,  chromium,  zirconium 
and  titanium  as  the  hydroxides  with  the  aid  of  high  tem- 
perature and  pressure.  Beryllium  is  only  partially  precipitated 
under  similar  conditions.  Mere  boiling  for  a  reasonable  time 
will  not  precipitate  aluminum  and  chromium,  but  it  is  suffi- 
cient in   the  case  of  zirconium  and  titanium. 

In  conclusion  I  wish  to  thank  Prof.  F.  A.  Gooch  for  his 
kind  advice  and  assistance. 


} 
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Art.  XIII.  —  Secondary   Undulations  Shown  by  Hecordtng 

Tide-gauges  ;  by  A.  W.  Duff. 

On  recording  tide-gauges  at  many  ports  rapid  oscillations 
are  observed  crossing  and  recrossing  the  main  tidal  record. 
Mr.  W.  Bell  Dawson*  in  a  short  article  seems  to  have  been  the 
first  in  recent  years  to  recall  attention  to  these  "  secondary  undu- 
lations," and  well  describes  them  as  standing  "  in  much  the 
same  relation  to  the  main  tidal  wave  as  a  higher  octave  would 
to  a  low  musical  note  when  their  undulations  are  recorded 
graphically."     Others  have  given  occasional  attention  to  them, 
especially  Mr.  F.   Napier  Deni6on,t  whose  two  brief  papers 
suffer  somewhat  from  a  lack  of  detailed  evidence  for  the  "  ten 
chief  points  deduced  "  and  too  exclusive  a  concern  with  the 
meteorological  aspects  of  the  question.     No  one  seems  to  have 
attempted  to  give  a  full  account  of  the  phenomena  for  even  a 
limited  region.     The  best  field  for  the  study  of  the  question  is 
apparently  the  Eastern  coast  of  Canada  bounded  by  the   Bay 
of  Fundy,  the  Atlantic  Ocean  and  the  Gulf  of  St.  Lawrence, 
where,  because  of  the  great  extent  and  complexity  of  the  tides, 
I      numerous  recording  tide-gauges  have  been  established  in  the 
interest  of  navigation. 

Four  years  ajgo  I  published:!:  some  observations  made  at  St. 
John,  N.  B.  The  evidence  advanced,  depending  on  a  calcula- 
tion of  the  period  of  undulation  from  the  dimensions  of  the 
basins  in  the  neighborhood,  seemed  to  point  strongly  to  the 
undulations  being  of  the  nature  of  free  vibrations  of  a  par- 
tially confined  body  of  water  under  the  force  of  gravity.  Two 
years  ago  I  took  advantage  of  a  visit  to  Ottawa,  Canada,  to 
examine  (with  the  permission  of  the  authorities  of  the  Tidal 
Survey  of  the  Dominion  of  Canada,  to  whom  my  thanks  are 
due  for  tlieir  courtesy)  the  tidal  records  from  the  Canadian 
^i<lal  stations  and  made  extensive  notes  therefrom.  Other 
^cupatious  interfered  with  the  pursuit  of  the  subject,  but  as 
^0  one  has  since  then  taken  it  up,  I  have  thought  it  well  to 
publigh  a  brief  outline  of  the  information  gathered  together 
^ith  an  examination  of  its  bearing  on  certain  proposed  expla- 
nations. 

Materials  studied, 

I  In  order  to  make  clear  the  extent  of  the  data  employed  in 
^liat  follows,  it  may  be  stated  that  tlie  tidal  records  from 
^^enty  stations  were  examined  in  detail,  these  records  covering 

*  Trans.  Roy.  Soc.  Can.,  i.  1896-96. 

t  Proc.  Can.  Inst.,  Jan.  16,  1897;  April  23,  1898. 

X  This  Journal,  iii,  406,  1897. 

^^.  Jour.  Sol — Foitrto  Sbubs,  Vol.  XII,  No.  68.— August,  1901. 
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a  period  of  seven  years,  although  the  records  from  many  sta- 
tions covered  a  much  shorter  period.  In  all,  the  records  of  404 
tides  or  parts  of  tides  that  presented  evidence  of  secondary 
undulations  were  copied  carefully  on  tracing  paper.  In  addi- 
tion, the  files  of  the  Atlantic  Pilot  Chart  (monthly)  and  the 
Canada  Weather  Map  (weekly),  were  examined  and  in  many 
cases  copied  for  periods  corresponding  to  the  tracings  of  tidal 
records.  From  the  Admimlty  Charts  of  the  region  the  width 
and  mean  depth  of  many  bays  and  channels  were  obtained. 
To  facilitate  the  work  of  any  future  investigator,  I  shall,  so 
far  as  possible,  give  the  dates  of  occurrences  noted  (usually  in 
foot  notes),  but  I  find  that  occasionally  my  notes  of  dates  are 
somewhat  imperfect. 

The  jyeriod,  extent  and  general  nature  of  the  undulations. 

In  the  following  statements  of  observed  periods  of  regular 
undulations,  I  have  not,  so  far  as  I  know,  omitted  any  occa- 
sions on  which  reijular  undulations  could  be  observed  no  matter 
what  the  period  might  seem  to  be  (except  in  the  cases  of  St. 
John  and  Halifax,  for  which  the  records  are  too  extensive  to 
be  quoted  in  full).  In  reference  to  the  fewness  of  these  occa- 
sions at  certain  stations,  it  is  to  be  remembered  that  at  many 
places  tide-gauges  were  maintained  for  a  few  months  only. 

1.  St.  John,  N.  B.  (on  the  Bay  of  Fundy).  Here  the  undu- 
lations are  frequent,  sometimes  continue  for  as  much  as  a  week, 
and  vary  in  extent  from  an  inch  to  a  foot ;  but,  when  very 
slight,  tliey  are  hardly  distinguishable  owing  to  the  great 
extent  of  the  tide  (at  spring  tides  28  feet).  The  undulations 
are  more  nearly  regular  ancl  f)eriodic  than  at  any  other  station, 
the  mean  period  (the  evidence  for  which  will  be  stated  in 
another  connection)  being  41  minutes.  Occasional  variations  of 
several  minutes  from  the  mean  period  are  found,  but  sligW 
irregularities  at  times  make  the  estimation  of  the  period  diflScult. 
The  undulations  occur  about  four  times  as  frequently  in  winter 
as  in  summer. 

2.  Yarmouth^  N.  S.  (on  the  Bay  of  Fundy).  The  undula- 
tions are  very  conmion  especially  near  low  tide  when  they  are 
usually  present,  and  in  certain  extreme  cases  (e.  g.  Jan.  1, 1899) 
nearly  five  feet  in  amplitude ;  at  high  tide  they  are  much  less 
marked.  Frequently  they  are  more  or  less  irregular,  whereas 
at  other  times  (e.  g.  Dec.  81,  1898)  as  many  as  ten  regular  oscil- 
lations may  be  measured.  From  twelve  records  of  low  tide 
wliich  showed  regular  undulatic^ns  the  following  mean  periods 
were  deduced  :*^  28,  27,  34,  34,  28,  32,  26,  22,  31,  34,  28.34, 

*  June  26  (.)  uudulations);  Julv  2  (6).  5  (5),  6  (4);    Aug.  30  (7);  Sept.  8  (6),  H 
(6),  18  (5);  Oct.  12  (6).  16  (4),  30'(8),  30  (4);   Dec.  31  (10)— all  in  189:*. 
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8  minutes — final  mean  30m.  At  high  tide  the  period  is 
ntirelj  different  and  fewer  complete  oscillations  occur  :*  65, 

0,  70,  67,  7U,  68,  75,  65,  72,  69,  65,  65,  70,  70m.— mean  69m. 
it  times  of  violent  disturbances  during  gales  there  is  a  tend- 
ncy  for  oscillations  of  both  periods^  to  persist,  along  with  a 
nnning  accompaniment  of  very  minute  and  very  rapid  oscil- 
itions. 

3.  Digby,  N.  S.  (on  Annapolis  Basin  connected  'with  the 
tay  of  Fundy  by  a  narrow  strait — Digby  Gut).  The  undula- 
ons  are  always  small,  rarely  exceeding  an  inch  and  therefore 
iflBcult  to  measure  with  accuracy.  On  the  only  occasions 
'hen  the  extent  was  sufficient  the  periods  wererf  12,  11,  11, 

1,  10,  II,  13 — final  mean  11m. 

4.  Westport,  N.  S.  (on  Bryer  Island,  Bay  of  Fundy,  facing 
rrand  Passage  between  Bryer  Island  and  Long  Island), 
ludulations  are  comparatively  rare,  of  short  period,  and  never 
xceeding  4  inches  ;  usually  they  are  very  irregular  and  have  an 
ppearance  of  two  or  more  systems  superi)06ed.  The  gauge 
nly  ran  for  a  few  months  and  on  only  six  occasions  were  there 
lear  oscillations,  and  on  only  three  occasions  did  steady  regu- 
ar  oscillations  seem  to  emerge  from  the  confusion,  the  mean 
)eriod8  being:}:  17,  14,  16  nf. — mean  15  m.  (but  not  much  reli- 
ince  can  be  placed  on  this  figure). 

5.  Welchpool,  Campobello  Island,  N.  B.  (on  a  narrow  wind- 
ng  channel  flowing  into  the  Bay  of  Fundy).  Here  there  seem 
:o  1)6  no  secondary  oscillations. 

6.  Hopewell  Cape,  N.  B.  (on  Shepody  Bay  at  head  of  Bay 
3f  Fundy).  7.  Parrsboro,  N.  B.  (on  Minas  Basin  at  the  head 
of  the  Bav  of  Fundy).  8.  Windsor,  N.  S.  (on  the  Avon 
River  which  flows  into  Minas  Basin).  At  the  above  three 
stations  the  range  of  the  tide  is,  as  is  well  known,  very  great 
and  the  tide-gauges  only  registered  tlie  crests  of  the  tidal 
waves.     No  secondary  undulations  are  shown. 

The  records  for  the  two  points  next  noted  are  not  from 
Tidal  Survey  gauges  but  from  a  portable  recording  tide-gauge 
of  my  own  construction.  Accounts  of  these  have  already 
l>een  publi8hed.§ 

9.  St.  John  River,  N.  B.  (The  station  of  observation  was 
on  a  small  bay  in  the  mouth  of  the  river,  separated  from  the 
harbor  by  the  narrow  gorge,  only  100  yards  wide,  through 
Hicli  the  river  rushes  into  the'  harbor.)  There  are  two  series 
of  oscillations,  one  of  a  period  between  thirty  and  forty  min- 

,  ♦Sept.  27  (I);  Oct.  7  (1),  8  (2),  9  (2),  12  (I),  21  (2),  31  (2);  Nov.  6  (2),  16  (2) 
18(1).  22  (2):  Dec.  4  (1),  5  (I),  6  (1)— 1898. 

f  July  1  (t>),  18  (4);  Aug.  13  (8),  27  (11);  Oct.  24  (9),  27  (5):  Nov.  27  (6)— 
1898.  . 

}  Oct.  13  (5);  Dec  26  (7),  27  (4)— 1898. 

^Tbis  Jouroal,  iii,  1897.     Traus.  Nat.  Hist.  Soc  of  New  BruDSwick,  1897. 


126 


A.  W.  Duff — Secondary  Undulations 


utes,  apparently  identical  with  the  oscillations  shown  by  the 
official  gauge  in  the  harbor,  the  other  a  series  of  very  rapid 
oscillations  naving  a  period  of  only  35  seconds. 


Figure  1. — Examples  of  regular  secondary  undulations.  1,  Pictou;  2,  Forte*" 
Bay;  3,  Yarmouth  at  low  tide  (examine  with  page  inverted);  4,  Yarmouth  Bt 
high  tide;  5,  St.  John;  6,  Grindstone  Island  (as  near  an  approach  to  regularity 
as  could  be  found).    The  vertical  scale  is  different  for  different  curves. 

10.  Quaco,  N.  B.  (about  20  miles  farther  up  the  Bay  of 
Fiindy  than  St.  John).  Three  different  records  of  secondary 
undulations  were  obtained,  giving  in  all  three  cases  a  mean 
period  of  12*5  m. 

This  completes  the  list  of  Bay  of  Fundy  stations.  Halifax 
is  the  only  station  not  on  either  the  Bay  of  Fundy  or  the  Gulf 
of  St.  Lawrence,  and  may  be  next  discussed. 

Halifax,  N.  S.  (on  Halifax  Harbor,  Atlantic  Coast  of  N.  S.) 
Here  secondary  undulations  are  nearly  always  present  through 
the  whole  range  of  the  tide.  Frequently  they  are  very  irregu- 
lar and  often  of  great  amplitude,  but  to  an  eye  accustomed  to 
the  curves  representing  the  composition   of  simple  harmonic 
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QB  of  different  periods,  the  irregularity  is  at  timee  mark- 
Etgnlar,  Bhowi&g  tlio  coexiBtence  of  at  least  two  STBtome 
JQlatione.     As  will  be  seen  by  fig.  2,  the  undnlations  at 


FiauKG  2. — Tjpea  of  secoDdBr;  undulntioi 


I  at  Halif*!,  N.  £ 


become  simple  and  qaite  remarkably  regular.  At  such 
the  period  is  either  about  20  miniitesorabout  33  minutes, 
gure  shows  both  series  and  the  apparent  composition  of 
.•o  in  the  third  cur^'e. 

ass  now  to  a  consideration  of  the  records  from  stations 
!  Gulf  of  St.  Lawrence  and  adjacent  baeins. 
it,  Paul's  Island  (in  Cabot  Strait  between  Newfoundland 
ape  Breton,  N.  S.  and  connecting  the  Gulf  of  St.  Law- 
with  the  Atlantic  Ocean).  The  secondary  undulations 
■re  practically  continuous  and  vary  from  fine  sbadings  so 
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close  together  as  to  defy  copying,  to  clear  cases  of  a  definite 
measurable  period.  Sometimes  as  many  as  40  oscillations  can 
be  counted.  The  mean  periods  obtained  are*  4*7  m.,  4*8  m., 
4*8  m.,  4*65  m.,  4*7  m.,  4*7  m. — final  mean  4*7  m.  Along  with 
these  there  occasionally  occurs  a  series  of  much  longer  period 
depending  apparently  on  a  state  of  high  wind.  The  period  in 
such  cases  is  diflicult  to  determine  accurately  owing  to  the 
other  markings  referred  to.  The  following  exceptionally  clear 
cases  are  of  particular  interest.  On  Oct.  15th,  1898,  11  r^- 
lar  oscillations  gave  a  mean  of  12'9  m.  and  on  Oct.  16,  1898, 
14  oscilations  gave  a  mean  of  12*9  m.  In  the  latter  case  the 
amplitude  was  at  times  a  foot  and  the  whole  tide  was  elevated 
1^  feet  both  at  high  water  and  at  low  water  (a  marked  sign  of 
high  wind). 

2.  Souris,  Prince  Edward  Island.  Secondary  undulations 
are  almost  always  present.  The  extent  is  usually  only  one  or 
tw^o  inches,  at  times  three  inches,  occasionally  swelling  out  to 
seven  inches  and  showing  strong  signs  of  the  coexistence  of 
systems  of  different  period.  The  only  casesf  in  which  the 
periods  were  definite  and  determinable  gave  22*5,  21*8,  21*2, 
21-2,  22-0,  21  6,  20-0,  22*4,  24*5  minutes— mean  219  minutes. 

3.  St.  Peter's  Bay,  P.  E.  I.  Secondary  undulations  are  very 
common  but  usually  very  irregular.  At  times  the  irregularity 
shows  evidence  of  the  superj^osition  of  different  systems.  On 
a  very  few  occasions;}:  the  undulations  become  regular,  giving 
mean  periods  of  19,  22,  21  m. — final  mean  20  m.  On  another 
occasion§  seven  very  regular  oscillations  gave  a  mean  period  of 
30  m.  pohiting  probably  to  the  conflicting  system.  Tlie  gange 
was  only  a  month  in  operation. 

4.  Charlottetown,  P.  E.  I.  (on  an  irregular  shallow  bay  con- 
nected by  a  narrow  entrance  with  Northumberland  Strait 
between  P.  E.  I.  and  N.  B.).  Secondary  undulations  very  rare 
and  irregular. 

5.  Pictou,  N.  S.  (at  the  eastern  end  of  Northumberland 
Strait).  Secondary  undulations  are  frequent  and  persistent 
but  of  small  extent;  periods!!  33,  31,  26,  24,  30,  30,  28— mean 
29  m.  The  preceding  were  from  the  records  of  a  large  gauge 
in  the  summer  of  1896.  In  the  following  year  a  small  gauge 
replaced  the  large  one  and  periods*^  were  observed  of  26,  27, 
32,  31  m. — mean  29  m.  as  before. 

*  July  4  (10),  3  (20);  Oct.  3  (17),  1  (14):  July  25  (40)  Sept.  9  (7)— 1898. 

t  July  8?  (4),  17  (11);  Aug.  17  (4),  24  (4),  29  (5),  29  (6);  Sept.  20  (3),  19  {1\ 
?(4). 

INov.  16  (5),  13  (4),  15  (10). 

§  Nov.  16(7). 

I  Sept.  7  (5);  Oct.  27  (6);  Nov.  I  (6);  June  20  (4);  June  27  (3);  June  30(3); 
July  6  (5) — 1896.    (Occasionally  some  doubt  as  to  exact  date.) 

•[July  7  (10);  Sept.  21  (5),    23  (6),  24  (8). 
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5.  Cape  Tormentine,  N.  B.  (on  the  narrowest  part  of  North- 
iberland  Strait).  Apparently  no  secondary  undulations. 
7.  Lower  Neguac,  N.  B.  (at  mouth  of  Miramichi  Bay,  where 
'  gauge  was  placed  "  to  obtain  the  open  tide  unaffected  by 
J  bars  and  rivers  of  the  bay").  No  evidence  at  all  of  sec- 
dary  undulations. 

3.  Carleton,  Quebec  (on  Chaleur  Bay,  a  branch  of  the  Gulf), 
oondary  undulations  occur  about  once  a  week,  but  of  such 
all  extent  and  duration  tliat  no  period  can  be  deduced. 
).  South  West  Point,  Anticosti.  Secondary  undulations 
J  almost  incessant  and  frequently  very  irregular,  but  at 
les  clear,  regular,  well  sustained  undulations  occur:*  18,  18, 
19,  20,  18,  18,  18,  21,  20,  21— mean  19  m. 
LO.  Grindstone  Island  (of  the  Magdalen  Island  group  in  the 
ddle  of  the  Gulf).  Secondary  undulations  are  nearly  inces- 
it  but  quite  irregular  and  no  clear  period  is  found.  (The 
A  are  perhaps  insufficient  as  the  gauge  was  only  a  short  time 
action.) 

11.  Forteau  Bay  (on  the  Strait  of  Belle  Isle,  between  New- 
mdland  and  Labrador).  Secondary  undulations  are  almost 
lessant,  and  usually  very  irregular.  Rarely  does  a  clear 
•iod  emergef :  17,  15,  16 — mean  16m. 

Resume. 

The  secondary  undulations  at  any  place  are  at  times  irregular 
rely  at  St.  John),  at  other  times  regular  (perhaps  never  at 
indstone  Island);  when  they  are  regular  the  period  of 
dilation  has  a  distinct  and  characteristic  value  for  each  place, 
rying  from  place  to  place,  from  less  than  a  minute  to  over 
hour.  The  amplitude  also  varies  widely.  At  some  places 
least  two  systems  of  regular  oscillations  of  different  periods 
J  found ;  these  may  exist  together  (Halifax),  or  the  period 
low  tide  may  be  distinct  from  the  period  at  high  tide  (Yar- 
mth). 

Theories  advanced  to  explain  Secondary  Undulations. 

It  will  be  convenient  at  this  point  to  summarize  the  theories 
at  have  been  offered  to  account  for  the  preceding  phenomena, 
lere  are  two  chief  points  that  require  explanation,  the  ori- 
^  of  the  initial  disturbance  and  the  particular  period  (or 
riods)  at  each  place.  These  two  points  may  be  entirely  dis- 
ict  or  the  explanation  of  one  may  include  that  of  the  other. 

^Because  of  some  slight  difficulty  in  ascertaiDiog  exact  dates  I  noted  number 
tidal  sheet;— 238  (7),  238  (12),  241  (8),  249  (6),  249  (6),  256  (25),  261  (8),  262 
2U(5),  271  (5).  274(5). 
•  These  alt  occurred  on  Oct.  30-31,  1898. 
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(1).  It  has  been  supposed  that  the  results  are  due  iu  reality 
to  peculiarities  in  the  action  of  each  tide  gauge. — This  sugges- 
tion hardly  deserves  serious  consideration,  and  is  only  included 
here  because  it  is  so  admirably  disposed  of  by  the  case  of 
Pictou  (stated  above),  where  two  entirely  different  gauges  in 
different  years  showed  secondary  undulations  of  the  same 
mean  period. 

(2).  Earthquake  theory. — This  also  may  be  dismissed  briefly. 
It  could  not  account  for  the  period  nor  for  the  fact  that,  m 
such  a  coinpai-atively  small  area  as  the  Gulf  of  St.  Lawrence 
or  the  Bay  of  Fundy,  some  gauges  always  show  secondary 
undulations,  others  never  show  any. 

(3).  "  Seiche ' '  theory. — Four  years  ago  I  advanced  the  sug- 
gestion* that  the  undulations  were  of  the  same  nature  as  the 
"seiche"  movements  observed  by  Forel  and  others  on  the 
Swiss  lakes,  that  is  undulations  of  a  partially  confined  body  of 
water  under  the  force  of  gravity,  like  the  "  wish-wash "  of 
water  in  a  bowl  when  disturbed.  This  explanation  seemed  to 
fit  entirely  the  oscillations  at  St.  John  (botn  harbor  and  river), 
calculations  from  the  soundings  iu  the  vicinity  showing  a 
remarkable  agreement  of  calculated  and  observed  period  on  the 
supposition  that  the  oscillations  were  not  of  the  fundamental 
or  gravest  mode  (uninodal),  but  of  the  first  higher  mode 
(binodal).  As  will  be  seen  later,  it  does  not  accord  so  well 
with  other  cases. 

It  is  to  be  noted  that  the  above  theory  is  chiefly  concerned 
with  the  period  of  undulation,  leaving  the  initial  disturbance 
of  equilibrium  to  be  accounted  for  by  atmospheric  conditions 
or  by  neighbouring  oceanic  disturbances  invading  the  basin  of 
oscillation. 

(4).  "Atmospheric  billows"  theory. — Mr.  F.  Napier  Deni- 
son  has  advanced  the  interesting  and  ingenious  theory  f  that 
"  the  secondary  undulations  are  due  to  atmospheric  waves  or 
billows  set  up  in  the  upper  atmosphere"  at  the  boundarv  be- 
tween "  the  upper  part  of  the  lower  stratum  of  air  anci  the 
higher  stratum  which  is  less  dense  and  rapidly  moving  pole- 
wards." To  account  for  "  how  atmospheric  waves,  which  cor- 
respond to  only  a  few  hundredths  or  thousandths  of  the 
barometric  inch  at  the  earth's  surface,  cause  such  rapid  and 
extreme  oscillations"  of  the  water  surface,  Mr.  Denison  adds 
that  "  the  atmospheric  waves  or  billows,  in  passing  over  the 

*  This  Journal,  iii.  1897,  where  a  full  nccount  of  tlie  biblioj^^raphy  of  seiches 
will  be  found.  In  the  paper  here  referred  to.  folio win^r  the  analogy  of  sound 
waves  I  used  the  word  node  (in  binodal,  trinodal,  etf.),  as  meaning  a  place  of 
minimum  longitudinal  molion.  Finding  it  customary  to  use  node  in  reference  to 
vertical  movement  when  speaking  of  water  waves,  I  have  changed  the  notation 
in  the  present  paper. 

t  Articles  already  cited. 
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surface  of  the  sea,  tend  to  form  minute  undulations  upon  the 
surface,  corresponding  to  the  length  of  the  billows,  wnich,  as 
they  move  farther  into  the  bay,  become  magnified  as  they 
reach  narrower  and  shallower  portions."  In  a  later  paper  Mr. 
Denison  repeats  the  above  views  and  states  that  "  there  is  a 
marked  relative  correspondence  in  amplitude  between  the 
barometric  and  water  undulations,"  adding  many  interesting 
speculations  concerning  a  possible  connection  between  second- 
ary undulations  and  warm  and  cold  waves,  precipitation,  etc., 
but  we  are  not  concerned  with  them  at  present.  (It  may  be 
added  that  Mr.  Denison's  papers  are  very  brief,  containing  but 
six  pages  in  all  and,  excepting  one  case  of  secondary  undula- 
tion at  Halifax,  giving  no  references  in  detail  to  the  coinci- 
dences of  barometric,  meteorological  and  tidal  records  on 
which  the  theory  is  founded,  so  that,  in  again  traversing  the 
same  ground,  I  was  unable  to  refer  directly  to  the  evidence  for 
the  deductions.) 

The  above  is  primarily  a  theory  of  the  origin  of  the  dis- 
turbances. It  would  at  first  sight  not  seem  incompatible  with 
anv  other  explanation  of  the  period. 

'these  theories  will  be  tested  in  the  sections  that  follow. 

Comparison  of  observed  and  calculated  periods. 

In  order  to  test  how  far  the  seiche  theory,  advanced  for  the 
cases  at  St.  John,  would  apply  in  general,  I  calculated  from 
the  admiralty  charts  the  width  and  mean  depth  of  basins  and 
channels  immediately  adjacent  to  several  ojf  the  above  men- 
tioned stations  and  therefrom  deduced  the  period  in  which  such 
bodies  of  water  should  vibrate. 

Station. 

St  John  Harbor 
St  John  River 
Westport 
Tannoath 
Souris 

Farther  Point 
S.W.  Point 
^orteau  Bay 

The  above  calculated  periods  can  only  be  considered  as 
roughly  approximate.  Tliey  suffice,  however,  to  show  that, 
except  in  the  first  four  cases,  the  periods  cannot  be  those  of 
binodal  seiches,  and  if  they  are  seiche  periods  at  all  the 
seiches  must  be  multinodal  (e.  g.,  at  S.W.  Ft.  and  Forteau 
Bay  trinodal,  at  Farther  Ft.  quinque  nodal).  Local  peculiari- 
ties, for  example  variation  in  the  depth  of  the  basin,  would. 


Period  calculated. 

Basin  or  ChaDnel. 

Period  observed. 

binodal. 

uninodal. 

Bay  of  Fundy 

41  m. 

4.V5  m. 

87  m. 

(tuniaU  bay) 

35  sec. 

37-5  8. 

72  8. 

St.  Margaret's  Bay 

16  m. 

14     ra. 

28  m. 

N.S.  to  Lurcher  Shoal 

30  ra.,  69  m. 

30     m. 

60  m. 

Northumberland  Strait 

21  ra. 

45      ra. 

90  m. 

St.  Lawrence  River 

21  m. 

.50     ra. 

100  m. 

Anticosti  to  6asp6 

19  m. 

30      ra. 

60  m. 

Strait  of  Belle  Isle 

16  m. 

23      m. 

47  m. 
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of  course,   tend   to  set   up   partial   vibrations  (as  would  ine- 
qualities in  the  thickness  of  a  cord.) 

The  above  comparison  then,  while  not  at  variance  with  the 
seiche  theory,  affords  only  j)artial  confirmation  of  it.  To 
other  cases  no  calculation  can  be  applied.  Digby  is  on  a  basin 
of  irregular  form  which  may  have  somewhat  regular  vibrations, 
thougli  theory  is  at  present  inadequate  to  calculate  the  period 
of  such  irregular  bodies  of  water.  The  same  is  true  of 
Halifax,  with  tlie  peculiarity  that  the  basin  is  one  marked 
out  by  a  series  of  banks  (lloseway,  Le  Have,  Emerald,  &c.) 
which,  while  not  coming  to  the  surface,  bound  an  irregular 
bay,  attaining  at  places  a  depth  of  300  fathoms.  Pictou  and 
Quaco  are  also  on  partially  enclosed  bays  (reckoning  the  Quaco 
"ledges"  as  part  of  the  boundary  of  the  latter).  At  Grind- 
stone Island  (in  the  middle  of  the  Gulf)  and  St.  Peter's  Bay 
(on  the  outer  or  Gulf  side  of  P.  E.  I.)  the  undulations  are 
always  or  nearly  always  irregular,  as  might  be  expected  of 
points  near  the  middle  of  such  an  irregular  body  of  water  as 
the  Gulf  of  St.  Lawrence. 

The  case  of  St.  Paul's  Island  (at  which  there  are  periods  of 
4*7  and  12*9  m.)  might  be  thought  at  first  inexplicable,  as  the 
island  is  in  Cabot  strait  between  prominent  headlands  on 
either  side,  with  no  suggestion  on  an  ordinary  map  of 
a  channel  or  basin  of  oscillation.  But  a  glance  at  the 
nautical  chart  (of  1891)  shows  that,  while'  the  main  chan- 
nel has  a  great  depth  (ap|)roaching  300  fathoms),  on  both 
sides  of  this  chaimel,  there  is  an  abrupt  change  of  depth  and 
gradient  and  the  contoui's  of,  say,  100  fathoms  on  opposite 
sides  of  this  channel  run  roughly  parallel  for  a  distance 
greater  than  the  width  of  the  strait.  Moreover,  on  the  Cape 
Breton  side  and  adjacent  to  St.  Paul's  Island,  there  is  a  de- 
pressed basin,  only  part  of  the  boundary  of  which  reaches 
the  surface.  Thus  we  have  clearly  the  conditions  for  second- 
ary undulations  according  to  the  "seiche"  theory. 

The  case  of  Yarmouth  presents  a  striking  peculiarity.     The 
seiche  theory  gives  a  very  satisfactory  account  of  the  periods 
at  Yarmouth ;  but  why  should  the  period  at  high  tide  be  regu- 
larly twice  as   great    as  at  low  tide  ?     The   mere  change  iu 
depth   of  the  channel  can  have  no  such  striking  effect.     The 
only  other  factor  that  changes  with  the  state  ot  the  tide  is  the 
direction  of  the  t'ulal  current,     I  find  myself  unable  to  ex- 
plain  satisfactorily    why    the  reverstU  of  the   current  should 
have  such  a  marked  effect.     A  thorough  examination  and  elu- 
cidation of  this  peculiar  case  might  lead  to  a  more  satisfactory 
explanation  of  the  whole  subject  than   has  yet  been  offered. 
It  might  also  be  noted  that  at   St.    Paul's  Island  the  unusual 
elevation  of  water  level   at  both  high  and  low  tide,  on  tlve 
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occasions  on  which  the  period  shifts  from  4*7  m  to  12*9  m, 
would  also  mean  some  marked  change  in  the  currents  through 
Cabot  Strait. 

Does  the  varying  depth  of  the  Bay  of  Fiindy  affect  the  period  at 

St.  John? 

As  stated  in  an  earlier  paper  (already  referred  to),  a  conclu- 
sive test  of  the  seiche  theory  would  be  the  following.  The 
period  of  oscillation  of  a  body  of  water  varies  inversely  as  the 
square  root  of  the  mean  depth.  Now  the  mean  depth  of  the 
Bay  of  Fundy  at  low  water  is  something  over  200  it.,  and  kt 
high  water  (on  the  average)  nearly  20  ft.  greater.  The  width 
of  the  bay  at  St.  John  being  about  40  miles,  it  can  be  calculated 
that  the  period  of  secondary  undulation  at  St.  John  should, 
according  to  the  seiche  tJieory,  be  about  1*8  m.  greater  at  low 
water  than  at  high  water. 

To  test  this  I  selected  106  tracings  of  particularly  well- 
marked  secondary  undulations  at  St.  John.  These  I  measured 
for  period  with  the  greatest  care.  Then  I  sorted  them  out 
into  high  tide  undulations  and  low  tide  undulations,  finding  49 
of  the  former  and  57  of  the  latter.  The  mean  period  for 
high  tide  was  40*5  m.  and  for  low  tide  41*7 — a  difference  of 
1*2  ni.  Now  this  was  wholly  confirmatory  of  the  seiche  theory. 
That  the  difference  1*2  should  come  out  less  than  the  cal- 
culated difference  1*8  is  readily  understood  from  the  fact  that 
the  undulations  nearly  always  continued  before  and  after  high 
and  low  tide,  so  that  the  effective  difference  of  depth  would 
be  less  than  the  mean  range  of  the  tide. 

To  test  the  probability  of  the  above  differences  being  mere 
chance,  I  calculated  "  the  probable  error  "  of  each  series,  and 
found   it    to   be  the  same — 0*4  m.      Now  the  mfean  of  each 
series  only  diffei*s  from  the  mean  of    the  whole   by  0*6   m. 
From  this  it  is  a  comparatively  simple  problem  to  calculate 
what    is    the   probability   that    by    mere  chance   the    mean 
period  at  high  tide  was  0*6  m.  higher  than  its  real  value  and 
the  mean  value  for  low  tide  the  same  amount  lower.     The 
probability  is  ^  or  the  chances  are  12  to  1  against  the  differ- 
ence being  due  to  the  mere  chance  distribution  of  somewhat 
rough  determinations  of  what  is  really  the  same  quantity. 

Thus  this  test,  while  very  strongly  in  favor  of  the  seiche 
theory,  is  not  conclusive. 

Connections  between  undulations  at  different  places. 

Taking  first  points  on  the  Atlantic  and  the  adjacent  Bay  of 
Pandy,  it  is  shown  by  a  comparison  of  the  records  at  Halifax, 
i^Hrmouth  and  St.  John,  that  marked  oscillations  at  one  are 
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usually  accompanied  by  marked  oscillations  at  the  other.  Con- 
spicuous examples  are,  Jan.  13th,  1898;  Nov.  26  and  27, 
1898 ;  Dec.  23,  1898 ;  Dec.  31,  1898 ;  Jan.  1  and  2,  1899,  &c. 
The  exceptionally  strong  undulations  on  these  dates  coincided 
with  severe  storms  from  the  south  on  the  Atlantic.  But  this 
connection  is  not  quite  invariable,  e.  g.,  on  Aug.  14,  ]898, 
strong  oscillations  of  15  inches  at  Yarmouth  were  not  accompa- 
nied by  any  exceptional  oscillations  at  St.  John  or  Halifax. 

Turning  now  to  a  comparison  of  stations  on  the  Atlantic 
and  stations  on  the  Gulf  of  St.  Lawrence,  it  is  found  that  in 
general  no  such  connection  exists.  For  instance,  in  my  note 
book,  opposite  each  of  the  cases  of  marked  oscillations  at  St. 
John,  Halifax,  and  Yarmouth,  just  enumerated,  I  have  a  note 
of  the  state  of  affairs  at  St.  Paul's  Island,  South  West-Point 
and  Forteau  Bay,  and  the  notes,  with  two  exceptions,  are  "  no 
oscillations,"  "  particularly  slight,"  "  less  than  normal,"  "  only 
normal."  In  the  two  exceptional  cases  the  note  runs  "  above 
normal,"  and  these  two  notes  refer  to  St.  Paul's  Island,  which, 
being  in  Cabot  Strait,  belongs  as  jnuch  to  the  Atlantic  as  to 
the  Gulf. 

The  lack  of  connection  here  noted  seems  a  point  of  sucIb. 
importance  that  I  will  illustrate  it  by  another  example.  Pictoin. 
on  the  Gulf  and  Halifax  on  the  Atlantic  are  on  opposite  sides- 
of  Nova  Scotia  and  only  about  100  miles  apart,  a  much  shorten" 
distance  than  separates  St.  John  and  Hahfax.  The  large  tid^ 
gauge  at  Pictou  was  only  maintained  during  the  summer  oitf 
1896.  I  have  compared  the  records  from  it  with  those  frourm 
Halifax.  In  the  following  from  my  note-book  the  tirst  not^ 
refers  to  Pictou,  the  second  to  Halifax: — July  3,  "marked*^ 
— "normal";    July    17,    "nothing" — "strong";     July    25^ 

"  nothing"-!-"  strong "  ;     Sept.    19,    "  nothing    whatever  " 

"strong^;  Sept.  20,  "  feeble  "—"  strong  "  ;  Sept.  24,  "weak^^ 
"  strong  "  ;  Sept.  28,  "  strong  "— "  normal  "  ;  iN  ov.  1,  "  feeble  " 
— "strong";  Nov.  11,  "nothing" — "  strong  ";  Nov.  14,  "noth- 
ing"— "strong."  These  were,  I  believe,  the  only  cases  in 
which  the  undulations  at  either  place  were  decidedly  abore 
normal  and  therefore  suitable  for  founding  such  a  comparison 
on.  Thus  there  is  no  correspondence  between  the  occurrences 
of  secondary  undulation  at  Halifax  and  Pictou. 

Now,  according  to  the  theory  of  atmospheric  billows,  t\^o 
points  so  comparatively  close  together  as  Halifax  and  Pictoo 
should  show  a  close  correspondence  of  times  of  strong  undula- 
tions ;  for  it  cannot  be  conceived  that  "  atmospheric  waves  of 
from  15  to  3U  kilometers  long"  whose  "average  velocity  is  60 
miles  j)er  hour  in   summer""^   could   raise  strong  secondary 

*  DeDison,  Proc.  Cau.  lost,  Jan.  16,  1897,  p.  30;  Feb.  6,  1897,  p.  68. 
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undulations  at  Halifax  and  fail  to  aflfect  Picton  and  vice  versa. 
This  discrepancy  is  still  more  marked  when  it  is  considered 
that  Pictou  is  almost  exactly  N.E.  from  Halifax,  and  it  is  on 
the  poleward  current,  moving  N.E.,  that  Mr.  Deuison  relies 
for  tlie  production  of  the  atmospheric  billows  in  question.  (It 
is  to  be  understood  here  that  I  am  not  discussing  the  existence 
of  atmospheric  billows  but  the  effects  attributed  to  them.) 

On  the  other  hand,  the  close  correspondence  between  Atlan- 
tic (including  Bay  of  Fundy)  ports,  in  contrast  with  the  lack  of 
correspondence  between. Atlantic  and  Gulf  ports,  is  strongly  in 
favor  of  the  view  that  the  disturbance  at  any  port  is  usually 
due  to  the  transmission  by  water  of  distant  disturbances  of  the 
general  body  of  water  caused  by  storms. 

Secondary  Undulations  and  barometric  records. 

Any  connection  between  atmospheric  disturbance  and  second- 
ary undulation  should,  of  course,  be  shown  by  a  comparison 
of  tidal  and  barometric  records.     I  have  carefully  compared 
the  tracings  of  secondary  undulation  at  St.  John  for  the  sum- 
mer of  1896  with  tracings  of  the  St.  John  barograms  for  the 
same  date.     These  latter  I  owe  to  the  kindness  of  Mr.  Bell 
Dawson.     They  were  made  as  carefully  as  possible  with  a  hard, 
sharp-pointed-  pencil.     The  dates  are  June  8,  9,  10,  21,  22,  23 ; 
July  8,  26 ;  Sept.  1,  5,  6,  7,  18,  19,  20,  22,  23— the  only  occa- 
sions,  I   believe,   on   which    marked    secondary   undulations 
occurred  at  St.  John  during  the  summer  of  1896.     A  careful 
comparison  of  both  series  of  records  shows  that  (1)  disturb- 
ances of  atmospheric  pressure  usually  occur  about  the  times  of 
secondary  undulations,  and,  in  general,  the  stronger  the  atmos- 
pheric disturbances  the  stronger  the  water  undulations,  but 
(2)  the  atmospheric  disturbances  rarely  if  ever  begin  and  end 
at  the  same  time  as  the  water  undulations ;  they  usually  precede 
but  sometimes  seem  to  follow  the  latter,  and  the  secondary 
^•udulations  may  continue  for  several  hours  (e.  g.  12  hours  on 
Sept.  20)  after  the  barometric  disturbances  have  ceased ;  (3)  in 
Do  case  is  there  any  suggestion  of  regular  periodicity  in  the 
barometric  disturbances  such  as  there  is  in  the  water  undula- 
tions. 

The  utmost  therefore  that  it  seems  to  me  possible  to  deduce 
is  that  secondary  undulations  usually  accompany  storms  near  by 
or  at  a  distance,  but  that  the  period  of  the  oscillations  at  any 
place  is  wholly  unaccounted  for  by  atmospheric  conditions. 
(This  is  also  in  accord  with  an  extensive  series  of  comparisons 
that  I  made,  of  the  Atlantic  Pilot  Charts  and  the  Canadian 
*Veather  Maps  on  the  one  hand  and  the  records  of  secondary 
undulations  on  the  other — into  the  details  of  which  it  seems 
superfluous  to  enter.) 
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Mr.  Denison,  however,  states  as  the  first  of  the  ten  "chief 
pohits  deduced "  by  him  (but  without  any  iodicatiori  of  the 
details  of  the  evidence),  "  that  the  undulations  are  due  to  the 
direct  action  of  atmospheric  waves  upon  the  surface  of 
the  water  at  statwns  [italics  mine]  and  not  to  ground  swells, 
due  to  distant  storms,  or  'seiche'  movements,  as  found  u])on 
lakes  during  atmospheric  disturbances."  Now  with  the  for- 
mer or  positive  part  of  this  conclusion  the  evidence  I  have 
adduced  above  does  not  seem  at  all  compatible;  the  latter 
or  negative  part,  denying  any  other  agency,  can  only  mean 
the  sufficiency  of  the  theory  of  atmospheric  waves  to  account 
for  the  period  as  well  as  the  ot*i^in  of  the  secondary  undu- 
lations, which  again  is  wholly  at  variance  with  the  fact 
that  the  barometric  disturbances  show  no  periodicity  and  the 
water  indulations  continue  regular  and  periodic  after  the  baro- 
metric record  has  become  quitQ  smooth.  The  second  point 
enumerated  by  Mr.  Uenison  is  that  *' there  is  a  marked  rela- 
tive correspondence  in  amplitude  between  the  barometric  and 
water  undulations."  This  I  also  have  found  to  be  the  case, 
provided  it  be  not  understood  to  imply  that  the  two  kinds  of 
undulations  always  (or  even  usually)  occur  or  continue  at  the 
same  time.  (I  would  also  take  some  exception  to  the  word 
''  marked.") 

From  the  above  statements  in  Mr.  Denison's  paper  it  has 
been  inferred  by  some  readers  that  he  found  regular  atmos- 
pheric oscillations  coinciding  with  and  accounting  for  the 
water  undulations  both  as  regards  origin  and  period.  Mr. 
Denison  does  not  directly  say  so  and  this  cannot  be  his  mean- 
ing. There  is  absolutely  no  evidence  for  it  in  the  cases  I  have 
referred  to  above,  covering  a  whole  summer  of  St.  John 
records.  How  in  fact  is  it  conceivable  that  atmospheric  bil- 
lows many  miles  in  length  and  moving  with  a  velocity  of  from 
00  to  112  miles  ]>er  hour,  should  always  have  a  periodicity  of 
half  a  minute  at  the  mouth  of  the  St.  John  Kiver — 41  m.  at 
St.  John  Harbour  (less  than  a  mile  away) — 12 J  m.  at  Quaco 
(20  miles  away) — 09  m.  at  Yarmouth  at  high  tide,  but  80  m.  at 
low  tide — 20  m.  at  Halifax  on  some  occasions,  but  33  m.  on 
other  occasions  and  occasionally  probably  both — 4:7  m.  at  St. 
Paul's  Island — 29  m.  at  Picton,  etc.  ? 

Effect  of  Contraciio)!  of  Boy, 

lieference  must  be  made  to  another  point  in  the  "atmos- 
pheric billows''  theory.  To  account  for  such  slight  variation* 
of  pressure  causing  such  large  variations  of  water  level,  it  is 
necessary  to  suppose  that,  as  in  the  case  of  ordinary  tides? 
'*  minute  undulations  as  they  move  farther  into  the  bay  becoiu^ 
magnified   as  they   reach  narrower   and    shallower  portions. 
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Yet,  if  we  consider  the  Bay  of  Fiindy,  exactly  the  opposite  is 
true.  Yarmouth  is  at  the  mouth  of  the  bay  and  there  the 
oscillations  sometimes  reach  5  ft.;  St.  John  is  half  way  up  the 
bay  and  there  the  oscillations  never  exceed  2  ft.;  while  at  the 
head  of  the  bay,  where,  as  is  well  known,  the  rise  of  the  tide  is 
enormous,  Hopewell  Cape,  Parrsboro  and  Windsor  show  no 
secondary  undulations.  Affain  Carleton,  Q.,  is  at  the  head  of 
Chaleurs  Bay,  but  the  undulations  there  are  particularly  slight. 
At  Cape  Tormentine,  which  is  in  the  narrowest  part  of 
Northumberland  Strait,  there  are  no  secondary  undulations 
and  the  same  is  true  of  Charlottetown,  while  they  are  very 
frequent  at  Pictou  and  Souris  near  the  entrance  of  the  Strait. 

On  the  other  hand,  it  is  to  be  noted  that,  according  to  the 
seiche  theory,  secondary  undulations  would  not  be  expected  in 
shallow  basins  such  as  those  at  the  head  of  the  Bay  of  Fundy ; 
since,  if  oscillations  of  the  whole  body  of  water  were  started, 
they  would  rapidly  die  away  in  such  shallow  water. 

On  the  whole,  the  theory  of  '*  atmospheric  billows,"  while 
ingenious  and  attractive,  seems  to  me  wholly  untenable  as 
regards  the  period  of  undulation  and  very  improbable  as 
regards  the  origin  of  such  undulations  (I  am  not  of  course 
referring  to  the  agency  of  atmospheric  disturbances  in  general), 
whereas  the  "seiche"  theory  offers  the  only  tenable  explana- 
tion hitherto  advanced,  but  leaves  points  still  unexplained. 

A  general  view  of  the  vibrations  of  large  bodies  of  water. 

It  may  be  well  at  this  stage  to  make  explicit  a  general  view 
implied  in  the  preceding  discussion.     It  seems  probable  that  a 
large  body  of  water,  such  as  the  Gulf  of  St.  Lawrence  or  the 
Bay  of  Fundy,  when  disturbed  breaks  up  into  smaller  areas  of 
oscillation,  determined  by  irregularities  in  the  level  of  the  bed ; 
these  minor  basins  oscillate  to  a  considerable  extent  independ- 
ently, at  rates  determined  by  their  respective  dimensions  and 
the  depth  to  which  they  are  tilled,  the  oscillations  being  at 
times  m  the  fundamental  mode,  but  at  other  times  in  some 
higher  mode,  but  with  a  tendency  to  the  establishment  of  some 
particular  mode  that  gives  a  characteristic  period  to  the  basin, 
frequently,  owing  to  the  co-existence  of  different  modes  of 
vibration,  and  owmg  to  invasions  from  the  vibrations  of  neigh- 
boring basins,  the  vibrations  of  each  minor  basin  become  more 
or  less   irregular;  but  such    irregularities   are   comparatively 
Pare  in  a  part  of  the  main  basin  with  only  slight  irregularities 
of  bottom  and  bounded  on  opposite  sides  by  nearly  parallel 
coasts  (as  is  the  case  of  the  Bay  of  Fundy  at  St.  John,  where 
tbe  records  show  a  more  constant  period  of  undulation  than  at 
*oy  other  tidal  station  on  the  eastern  coast  of  Canada). 
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Another  possible  source  of  periodic  fluctuations  under  certain 

circumstances. 

Can  any  other  explanation  be  found  for  the  definite  period 
that  characterizes  the  regular  undulations  at  each  place  ?  I  can 
think  of  but  one  other. 

Most  people  who  have,  from  the  shore,  watched  the  progress 
of  a  ship  have  noticed  the  regular  series  of  waves  thrown  off 
from  the  bow.     If  the  ship  be  at  anchor  in  a  ra}nd  current,  a 
similar  series  of  waves  are  produced,  reaching  any  point  on  the 
shore  at  equal  intervals.     In  general  it  may  be  stated  that  "  a 
line  of  pressure  athwart  a  stream  flowing  with  velocity  c  pro- 
duces a  disturbance  consisting  of  a  train  of  waves  of  length 
27re*/ff  l3nng  on  the  down-stream  side."*    The  effect  of  inequali- 
ties in  the  bed  would  be  similar.    Would  an  island,  shoal,  bank 
or  headland,  past  which  a  current  is  setting,  cause  a  similar 
series  of  waves  of  a  length  and  period  commensurate  with  the 
size  of  the  obstruction  ?    For  example,  St.  Paul's  Island  divides 
two  opposite  currents  between  the  Atlantic  and  the  Gulf  of 
St.  Lawrence ;  at  Yarmouth  the  direction  of  the  tidal  current  is 
reversed  with  the  tide  and  the  Lurcher  shoal  is  a  prominent 
obstruction. 

I  do  not  attempt  to  consider  this  suggestion  in  detail.  It 
seems  to  me  a  much  less  likely  explanation  than  the  theory  of 
stationary  undulations  or  seiches ;  but  no  adequate  attempt,  in 
a  brief  space,  to  test  its  applicability  would  be  possible,  even 
if  data  as  regards  currents,  etc.,  were  to  be  had.f 

Summary  0/ preceding. 

A.     Facts. 

1.  Secondary  undulations  occur  at  most  of  the  places  where 
observations  have  been  made,  the  undulations  at  any  place 
being  sometimes  uTcgular  but  at  other  times  of  a  regular 
periodic  nature. 

2.  When  the  undulations  are  regular,  the  period  of  undula- 
tion has  a  distinct  and  characteristic  value  for  each  place, 
varying,  from  place  to  place,  from  less  than  a  minute  to  over 
an  hour. 

3.  At  some  places  at  least  two  systems  of  regular  periodic 
undulations  of  different  periods  are  found;  they  usually  occur 

« 

*  Lamb's  IlydrodynamicB,  §228,  where  illustrations  of  such  waves  from  expe"' 
mental  papers  by  W.  and  R,  K.  Froude  and  theoretical  papers  by  Lord  Kelvin  and 
Lord  Rayleitrh  are  given. 

f  Moreover,  in  makinj?  this  somewhat  vague  suggestion,  I  am  aware  that  the 
formula  quoted  above  for  the  length  of  such  waves  is  independent  of  the  size  of 
the  obstruction :  but  this  does  not  preclude  the  possibility  that  hydrodynamic*' 
theoryl  applied  to  the  case  of  very  large  obstructions,  might  be  able  to  account 
for  all  the  phenomena. 
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;  different  times,  sometimes  they  occur  together ;  at  one  sta- 
on  the  period  at  high  tide  is  entirely  distinct  from  that  at  low 
de. 

4.  Undulations  usually  occur  simultaneously  at  stations  on 
le  Atlantic  Ocean  (including  the  Bay  of  Fundy),  but  there  is 
pparently  no  connection  between  this  occurrence  at  stations 
1  the  A^tlantic  and  stations  on  the  Gulf  of  St.  Lawrence. 

5.  Barometric  records  show  no  similar  periodic  oscillations, 
ut  they  do  show  disturbances  at  or  about  the  times  of  marked 
jcondary  undulations. 

6.  As  the  head  of  a  bay  is  approached  secondary  undulations 
0  not  become  more  marked  and  frequent,  but  apparently  less. 

7.  According  to  the  best  available  evidence  the  period  at  St. 
ohn  is  less  the  greater  the  depth  to  which  the  tide  fills  the 
lay  of  Fundy. 

B.     Deductions. 

1.  The  theory  of  atmospheric  billows  does  not  and  cannot 
xplain  the  characteristic  \oqxiX  period  of  secondary  undulations. 

2.  As  an  explanation  of  the  origin  of  secondary  undulations 
he  theory  of  atmospheric  billows  seems  at  variance  with  cer- 
ain  facts  of  fundamental  importance  to  tlie  theory  (see  4  and 
>  under  A,  above). 

3.  The  seiche  theory,  which  is  fully  established  in  the  case 
>f  lakes,  has  a  high  inherent  probability  and  is  not  at  variance 
vitli  any  ascertained  facts  and  in  certain  respects  receives 
trong  confirmation  (see  2,  first  part  of  3,  4,  6,  and  7,  under  A, 
bove). 

4.  Even  if  the  "  seiche "  theory  be  correct,  it  still  remains 
0  be  explained  why  the  oscillations  at  certain  places  are  usually 
>inodal,  at  others  trinodal,  etc.,  and  why  in  one  striking  case 
Yarmouth)  the  oscillations  are  always  uninodal  at  high  tide 
iiid  binodal  at  low  tide. 

5.  The  whole  subject  is  apparently  much  more  complex  than 
^as  hitherto  been  supposed  and  it  may  yet  be  found  that  no 
single  explanation  will  apply  to  all  cases. 


^^  Jour.  Sci.— Fourth  Series,  Vol.  XII,  No.  68.— August,  1901. 
10 
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Art.  XIV. — Mathematical  Notes  to  Rival  Theories  of  Cos- 
mogony ;  by  O.  Fisher. 

The  following  mathematical  notes  are  supplementary  to  the 
discussion  of  "  Rival  Theories  of  Cosmogony "  in  the  Jane 
number  of  this  Journal  (pp.  414-422).* 

Let— 

T  =  distance  of  any  point  from  the  earth's  center. 
a  =  the  earth's  mean  radius  in  feet, 
log  a  =  7-3201961. 

qa  =  2-4605  in  radians  =  140°  68'  35'. 

s  =  the  density  of  the  surface  rock  (2-76). 
gs  =  the  weight  of  a  cubic  foot  of  the  same,  viz :  171*875 
pounds. 
p  =  the  density  at  any  depth. 
p  =  the  pressure   in    pounds   per  square  foot  at  the  depth 

where  the  density  is  p. 
c  =  the  coefficient  of  compressibility  at  that  depth  measured 

by  atmospheres. 
J  =z  Joule's  equivalent,  772. 
o-  =  specific  heat  of  rock. 

* 

(1)  Laplace's  law  of  density  is,  p  =  Q —^ 

T 

where  Qq  is  the  density  at  the  center,  l(»-74, 
and  qa  =  2-4605  in  radians  =  140*^  58'  35^ 

(2)  The  relation  upon  which  the  following  calculations 
depend  is  one  which  1  have  proved  in  the  Appendix  to  my 
"  Physics  of  the  Earth's  Crust "  (p.  32),  viz : 

^      2«M  -  qa  cot  qa^^  ' ' 

=  B{p—s^)y  suppose, 

which,  reduced  to  numbers,  gives  for  the  relation  betweea  the 
pressure  measured  in  pounds  per  square  foot  and  the  density, 

p  =  5-8855  X  lO'j  p'  — (2-75)'|. 

Hence  we  see  what  is  the  value  of  the  constant  jB,  which  is 
implied  in  Laplace's  law  of  density,  viz:  5-8855  X  10' in  the 
above  units. 

...                           p  —  j«                 Ip— « 
Also  smce  cp  = or  c  = , 

9  P       9 

*  Attention  is  called  to  the  following:  erratum:  On  p.  421,  for  20  miles 
40  miles. 
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we  get  for  the  compressibility  in  pounds  per  square  foot, 

1-699  X  10-'^^, 

which  reduced  to  atmospheric  pressure  is 

c=  3-6069  X  10-*^"^-. 

P 

(3)  The  above  relation  between  the  pressure  and  the  density 
renders  it  easy  to  calculate  the  work  of  compression,  and 
thence  the  temperature ; 

for  work  =  —  /     pdVy 

where  p  =  B  (p*  ^  s'). 

V        s 


And  since 


^o"p' 


.  • .  do  =  —  v^s  -^; 

P 


and  work  =  v^s  X  6-8856  X  loy  (p'— O  ^-^ 

•/  «  p 

=  V  X  5-8856  X  10'(p  +  ?_  —  2«  j 


P 

=  V  X  5-8856  X  10'-^  "-  —  . 

P 

And  the  temperature  =  -^ rs — i 

J  X  specific  heat  x  mass 

Mallet's  value  for  the  specific  heat  of  rock  is  0*199.     The 
ntiass  will  be  «  X  Vo>  which  will  divide  out,  and  thus 

^  ,        B  (p'-sY  ^ 
temperature  Fan,  =  =- ^   .* 

J<T  p 

This  will  give  the  temperature  so  long  as  we  can  reckon  upon 
the  specific  heat  remaining  constant,  which  probably  will  not 
|>e  the  case  for  the  higher  temperatures,  and  certainly  not  so 
^f  the  substance  becomes  liquid  or  gaseous,  when  the  latent 
lieats  will  disappear,  but  it  will  be  suflScient  to  show  what 
^normous  temperatures  such  condensation  would  produce,  even 
if  the  specific  neat  should  be  as  great  as  that  of  water. 

♦The  log  of  the  coefficient   ^-  is  6-5833156. 

Ja 
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(4)  The  lava  issued  from  Etna  at  1932*"  Fah.  We  can  find 
the  depth  at  which  that  temperature  would  have  been  pro- 
duced by  compression  of  surface  rock. 


We  have 


^  ,        B  ip-sY 
temperature  Fah.  =  -=r-  — -, 

J(T  p 


Applying  this  to  the  present  case,  we  get 
(P  -  s)' 


=  5  043  X  10-*  =  2m,  suppose, 


whence 


—  «  =  m  ±  \/(*-*-  wi)* — «*• 


Since  the  surd  is  greater  than  m  and  <p  —  s)  must  be  posi- 
tive, we  must  use  the  upper  sign ;  we  then  obtain 

p  —  s  =  0'\20. 

This  will  be  the  increase  of  density  to  the  depth  where  the 
temperature  is  1932°  Fah.  or  /o  =  2-87. 

We  then  require  the  value  of  r  which  will  make 

^  sin  or      ^  ^. 
r 

It  appears  on  trial  that  a  depth  a  —  r  of  about  40  miles  satis- 
fies tliis  condition.  It  follows  that  the  depth  at  which  the 
temperature  1932°  Fah.  would  be  produced  would  be  about  40 
miles. 


Table. 


Tenths 

of 
radius. 


1-0 
0-9 
0-8 
O'l 
0-6 
0-5 
0-4 
0-3 
0-2 
0-1 
0-0 


Approximate 

depth  io 

miles. 


0 
400 
800 
1200 
1600 
2000 
2400 
2800 
3200 
3600 
4000 


Densities 

by 

Laplace's 

Law. 

2-75 

3-88 

5-03 

6-17 

7-25 

8-23 

9  09 

9-80 

10-32 

10-64 

10-74 


Pressure  in 
atmospheres. 


0-000 

2-181 

5-065 

8*460 

12-344 

16-867 

20-698 

24-370 

27-030 

29-052 

30-061 


xio 

X  10 
XIO 
X  10 
X  10 

xio 

X  10 
X  10 
XIO 

xio 


CondeDsation 
requisite  to 

reduce  surface 
rock  to  densitf. 

0-000 

0-29 

0-45 

0-55 

0  62 

0-67 

0-70 

0-72 

0-73 

0-741 

0-744 
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Art.  XV.  —  Studies  of  Eocene  Mammalia  in  the  Marsh 
Collection^  Peahoay  Museum ;  by  J .  L.  Wortman. 

[Continued  from  vol.  xi,  p.  450.] 

FUmily    ViveJTavidce, 

Miacidce  Cope  (in  part),  Tertiary  Yertebrata,  1 884 ;  Miacida  Scott,  Jour.  Acad. 
Nat.  Soi.,  Phila,  1886,  vol.  ix,  p.  169;  ViverravidcB  Wortman  and  Matthew,  Bull. 
Amer.  Mus.  Nat.  Hist.,  1899,  p.  136. 

A  FAMILY  of  small  or  medium-sized  Carnassidents  ancestral 
to  the  viverrines,  ranging  in  time,  as  far  as  at  present  known, 
from  the  Torrejon  to  the  Bridger  Eocene,  having  pentedactyle 
limbs  with  ununited  scaphoid,  lunar,  and  centrale  of  the 
carpus,  a  civet-like  perforation  of  the  transverse  process  of  the 
atlas  for  the  passage  of  the  vertebral  artery,  a  well-developed 
anterior  basal  cusp  upon  the  superior  sectorial,  no  antero- 
posterior femoral  curvature  and  no  postero-internal  cingular 
cusp  upon  the  superior  molars.  Blades  of  the  superior  sec- 
torial separated  by  a  deep  slit-like  notch,  and  molar  formula 
either  f  as  in  the  primitive  Canidse,  or  f  as  in  the  Viverridee. 

In  defining  the  foregoing  family,  it  is  necessary  to  distin- 
guish it  from  the  contemporary  Canidse  on  the  one  hand  and 
Its  successors,  the  Viverridae,  on  the  other.  As  regards  the 
former,  while  in  all  probability  they  have  been  derived  from 
a  common  source,  yet  they  have  departed  sufficiently  in  the 
direction  of  their  subsequent  and  tmal  development  to  be 
recognizable.  There  are  two  characters  that  appear  to  be 
entirely  distinctive,  one  of  which  relates  to  the  atlas  and  the 
other  to  the  presence  or  absence  of  an  anterior  basal  cusp  on 
the  superior  sectorial ;  associated  with  these  is  the  lack  of 
curvature  of  the  femur  and  no  disposition  whatever  towards 
the  formation  of  a  postero-internal  cingular  cusp  on  the 
superior  molars, — features  which  have  characterized  all  lines 
of  Canidae  in  some  stage  of  their  development.  From  the 
Viverridae,  they  can  be  distinguished  not  by  any  essential 
character  of  fundamental  importance,  but  only  by  the  posses- 
sion of  such  primitive  and  archaic  features  as  we  should 
reasonably  expect  to  find  in  the  ancestors  of  the  modern  viver- 
rines. The  more  important  of  these  relate  to  the  separate 
condition  of  the  scaphoid,  lunar,  and  centrale  of  the  carpus ; 
the  presence  of  a  third  trochanter  on  the  femur  ;  the  large  size 
^nd  internal  position  of  the  lesser  trochanter  ;  the  slight  groov^- 
ing  of  the  astragalus,  and  the  large  size  of  the  deltoid  crest  of 
tlie  humerus.  To  this  may  be  added  the  greatly  inflated  and 
ii^odernized  condition  of  the  otic  bulla  in  the  livingViverridse. 
From  the  Mustelidse,  as  far  as  at  present  known,  the  Viver- 
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ravidfle  are  distinguished  not  only  by  the  possession  of  the 
primitive  characters  above  enumerated,  but  by  two  very 
trenchant  dental  peculiarities  which  the  mustelines  exhibit, 
viz. :  the  great  antero-posterior  enlargement  of  the  internal 
portions  01  the  crowns  of  the  superior  molars,  and  the  absence 
of  the  deep  slit-like  notch  separating  the  two  blades  of  the 
superior  sectorial.  These,  together  with  the  absence  of  the 
anterior  basal  cusp  on  the  superior  sectorial,  the  great  breadth 
of  the  base  of  the  skull,  the  small  rugged  bulla,  and  long  bony 
spout-like  meatus,  constitute  the  real  distinguishing  features 
by  which  the  Mustelidse  may  be  separated  from  the  Viverrid®. 
The  skeletal  characters  are  otherwise  much  alike  in  the  two 
families,  the  manner  of  perforation  of  the  transverse  process 
of  the  atlas  being  variable  in  the  mustelines. 

With  reference  to  the  Felidse,  it  may  be  said  that  our 
knowledge  is  not  so  perfect  regarding  their  origin  and  Eocene 
representatives  as  it  is  with  respect  to  other  living  families,  so 
that  it  is  well  nigh  impossible  to  make  a  satisfactory  compari- 
son. If  the  Palaeonictidse  are  the  forerunners  of  the  felines, 
which  seems  so  exceedingly  probable,  then  the  two  groups 
belong  to  different  phyla  and  may  be  distinguished  by  the 
structure  of  the  superior  molars.  In  the  Palseonictidse,  it  is 
the  posterior  part  of  the  crown  of  the  first  superior  molar 
whicli  is  elongate  ;  whereas  in  the  Viverravidse,  it  is  always 
the  anterior  part  of  the  crown  which  is  the  longer. 

Viverravits  Marsh. 

Viverra,  a  civet  cat;  and  avus^  a  grandfather.  This  Journal,  August,  1872; 
Didymictia  Cope,  Tertiary  Vertehrata,  1884  ;  Viverravus  Wortman  and  Matthew, 
Bull.  Amer.  Mus.  Nat.  Hist.,  1899,  p.  136. 

A  group  of   small  or  medium-sized   civet-like  Carnivores, 
with  a  number  of  species  distributed  throughout  the  Eocene 
from  the  Torrejou  to  the  Bridger  inclusive.     They  are  charac- 
terized by  having  the  dental  formula  I.  f ,  C.  4-,  Fm.  ^,  M.  j,  of 
which  the  two  superior  molars  of   the  dentition   have  broad 
tubercular  crowns,  with  great  transverse  extension  of  the  anterior 
border,  the  two  external  cusps  being  unequal  and  placed  well 
inwards  from  the  external  margin  of  the  crown  ;  the  second 
inferior  molar,  tubercular  or  becoming  so,  and  much  smallor 
than  the  first :  the  inferior  sectorial  having  a  high  trigon,  with 
oblique  principal  shear,  a  well-developed  posterior  shear,  and 
a  relatively  large,    more  or  less  basin-shaped  heel ;  and  prB' 
molars  having  posterior  accessory  cusps. 

In  his  original  description  of  this  genus,  Professor  Marsb 
says :  "  A  much  smaller  Carnivore,  about  the  size  of  the  mink^ 
is  represented  in  our  collections  by  two  lower  jaws  with  teetbj 
and  a  sectorial  upper  molar  of  one  individual  and  portion^ 
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apparently  of  several  others.  The  lower  jaws  in  this  genus 
are  long,  slender  and  compressed ;  the  last  two  lower  molars 
are  tubercular.  Both  have  the  posterior  part  of  the  crown 
quite  low  and  the  anterior  half  elevated  and  composed  of  three 
angular  cusps.  The  four  teeth  anterior  to  these  are  much 
compressed.  The  upper  flesh  tooth  closely  resembles  that  in 
some  of  the  ViverridfiB  and  the  genus  should  probably  be 
referred  to  that  group."*  The  species  thus  far  referable  to 
this  genus  are  numerous,  of  which  one,  V.  haydenianus^  from 
the  Torrejon ;  four,  V,  leptomylus^  protenus^  mussetericus^ 
and  curtiuenSj  from  the  Wasatch;  and  two,  V.  gracilis 
[dawkinsiantis)  and  aZtidens^  from  the  Wind  River  beds,  have 
been  described  by  Cope.  It  will  thus  be  seen  that  the  genus 
has  a  very  great  vertical  range,  greater,  in  fact,  than  any 
known  contemporary  group  of  mammals  throughout  the  whole 
Eocene.  With  the  close  of  the  Bridger  epoch,  according  to 
our  present  knowledge,  the  genus  disappeared  from  this 
country,  since  no  remains  of  it  have  as  yet  been  found  either 
in  the  uinta.  White  Eiver,  or  John  Day  deposits.f  It  is  pos- 
sible, however,  that  the  group  may  have  continued  to  exist 
to  a  much  later  date  on  this  continent,  and  that  they  retreated 
to  the  southward  along  with  the  tropical  fauna  which  disap- 
peared from  Wyoming  at  the  close  of  the  Eocene.  It  is  pos- 
sible, therefore,  that  their  remains  will  yet  be  found  in  the 
Miocene  of  the  South,  but  this,  of  course,  is  merely  conjectural. 

Viverravus  gracilis  J^iarsli. 
Didymiciia  dawkinsianus  Cope,  Tertiary  Yertebrata,  1884,  p.  310. 

The  type,  figures  18,  19,  consists,  as  Professor  Marsh  has 
stated,  of  parts  of  both  mandibular  rami  and  a  superior  secto- 
rial, but  there  are  at  least  twenty  individuals  of  the  species 
i^preseuted  in  the  collection  by  various  fragments.  Of  Ihe 
tvpe  the  right  ramus  is  the  more  perfect  of  the  two,  and  carries 
the  third  and  fourth  premolars  and  the  first  and  second  molars. 
The  alveoli  for  the  first  and  second  premolars,  together  with 
that  for  the  root  of  the  canine,  are  represented.  All  the  pre- 
Qaolars  are  two-rooted,  even  the  first,  which  among  the  Carni- 
^ora  is  very  generally  a  single-rooted  tooth.  The  third  and 
fourth  premolars  have  high  pointed  crowns,  with  anterior  and 
posterior  basal  cusps,  together  with  a  distinct  and  trenchant 
accessory  cusp.     Tne  sectorial  has  the  trigon  much  elevated 

*Loc.  cit ,  p.  7,  of  separata. 

t  A  possible  exception  to  this  statement  may  be  found  in  the  imperfectly  known 
8*UU8  Bunahirua  of  Cope,  from  the  White  River  Oligocene  of  Colorado.  When 
^re  fully  known,  it  will  not  be  at  all  surprising  to  find  that  this  genus  is  a  direct 
descendant  of  Viverravus. 
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and  of  greater  antero-posterior  lengtli  than  the  heel ;  the  ante- 
rior and  internal  cusps  are  equal  in  height,  but  the  external 
was  evidently  much  higher ;  it  is  somewhat  damaged  and  does 
not  display  its  full  length.  The  principal  shear  is  oblique,  and 
there  is  a  posterior  shear  which  bites  against  the  anterior  edge 
of  the  first  molar.  The  heel  is  relatively  short,  wide,  and  basin- 
shaped  ;  the  external  part  of  the  basin  is  the  thicker  and  more 
elevated.  The  second  molar  is  much  smaller  than  the  first,  but 
displays  practicallv  the  same  structure;  the  trigon,  however,  is 
much  less  elevated,  and  the  shears  are  imperfect.  The  external 
and  internal  cusps  are  of  equal  size  and  height,  but  the  anterior 
is  much  smaller  and  lower.  The  heel  is  relatively  longer  than 
in  the  first  molar,  being  obtusely  pointed  l>ehina,  where  it  is 
terminated  by  a  low  but  distinct  cusp ;  from  this  cusp  a  low 
ridge  is  continued  forwards  and  inwards  to  enclose  the  inner 

18 


Figure  18. — Right  lower  jaw  of  Viverravus  gracilis  Marsb;  outside  view? 
natural  size.    (Type.) 

FiGORE  19. — Superior  sectorial  of  same;  outside  and  inside  views;  natural 
size.  (Type.) 

Figure  20. — Superior  soctorial  of  Viverricula  sp. ;  natural  size. 

part  of  the  basin.  Externally  there  is  a  stronger  cusp  situated 
in  advance  and  to  the  outer  side  of  the  last  mentioned  cusp, 
which  furnishes  the  external  boundary  of  the  basin. 

The  superior  sectorial  displays  the  typical  lauiary  structure 
of  the  more  highly-developed  Carnassidents ;  it  is  composed  of 
a  pair  of  external  cusps,  laterally  flattened  and  elongated  iu 
such  a  manner  as  to  form  a  pair  of  very  effective  shearing 
blades.  Of  these,  the  anterior  is  the  larger  and  more  elevated, 
being  separated  from  the  posterior  by  a  deep  vertical  notch, 
which  appears  as  a  narrow  slit  upon  the  lingual  surface.  At 
the  antero-external  angle  of  the  larger  cusp  is  seen  a  lower, 
but  very  distinct,  anterior  basal  tubercle.  Internal  and  oppo- 
site to  the  anterior  edge  of  the  main  external  blade  is  placed  ft 
relatively  large,  pointed  internal  cusp  of  about  the  same  pro- 
portions of  that  of  the  Genet.  In  fact,  the  whole  dentition,  a* 
far  as  known,  is  strikingly  like  that  of  this  living  species. 

In  his  description  of  V.  dawkinsianus^  Professor  Cope  states 
that  the  first  premolar  of  the  inferior  series  is  a  single-rooted 
tooth.     If  this  is  true  (which  I  am  inclined  to  doubt),  the  two 
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species  are  distinct  and  we  have  the  anomalous  condition  of 
the  latest  known  species  of  the  ^enus  being  less  specialized  in 
this  particular  than  its  immediate  predecessor.  Tlie  species  is 
distinguished  from  all  the  others  by  its  small  size  and  the 
short  broad  heel  of  the  lower  sectorial.  The  principal  meas- 
urements of  the  type  are  as  follows : 

Length  of  inferior  molars  and  premolars : .  28*  "™ 

Length  of  inferior  molars 9*5 

Length  of  sectorial 5*2 

Transverse  diameter  of  sectorial 3*4 

Antero-posterior  diameter  of  superior  sectorial,     7* 
Transverse  diameter  of  superior  sectorial 3*6 

The  type  specimen  was  found  at  Grizzly  Buttes,  by  G.  G. 
Lobdell ;  other  specimens  were  obtained  at  various  levels  from 
the  upper  to  the  lower  part  of  the  horizon. 

Viverraviis  minuius  sp.  nov. 

This  species  is  represented  in  the  collection  by  remains  of  at 
least  six  individuals,  of  which  the  lower  jaws  alone,  in  varying 
degree^  of  completeness,  are  preserved.     That  which  is  here 

21 


FiODRE  21. — Left  lower  jaw  of  Viverravus  minuius  Wortman;  outside  view; 
^ree  limes  natural  size.     (Type.) 

selected  as  the  principal  type,  figure  21,  is  a  left  ramus  carry- 
ing the  molars  and  the  three  posterior  premolars  in  good   pre- 
servation.   The  specimen  in  question  is  broken  just  posterior  to 
the  base  of  the  coronoid  and  also  in  front  in  the  region  of  the 
symphygis,  but  it  includes  the  base  of  the  canine  alveolus  as 
^ell  as  that  for  the  first  premolar.     The  crowns  of  the  molars 
^^  somewhat  worn,  so  as  not  to  display  very  clearly  the  char- 
^ter  of  the  cusps  of  the  heels.     On  this  account,  I  associate 
^th  it  another  specimen  as  a  cotype,  also  a  left  mandibular 
^nius  of  the  left  side,  in  which  the  heels  of  these  teeth  are 
^ore  perfectly  preserved.     A  third  fragment  of  a  jaw  carries 
^be  canine  in  perfect  condition. 
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The  character  of  the  species,  as  exhibited  by  these  three 
specimens,  may  be  stated  as  follows :  It  is  considerably  smaller 
than  V.  gradcis/  the  first  premolar  is  two-rooted;  the  third 
and  fourth  premolars  have  anterior  and  posterior  basal  cnsps 
and  posterior  accessory  casps  which  are  absent  on  the  second ; 
the  heel  of  the  sectorial  is  proportionally  narrower,  and  not 
quite  so  distinctly  basin-shaped,  as  in  V.  aracUis.  The  last 
molar  has  a  distinctly  narrower,  more  trenchant  heel  and  does 
not  exhibit  the  two  cusps  seen  in  V.  gratis.  The  canine  is 
long,  slender,  and  considerably  recurved.  The  remains  indi- 
cate an  animal  of  the  size  of  the  common  weasel,  the  slender 
jaws  and  sharp  cutting  teeth  giving  evidence  of  a  very  highly 
carnivorous  habit. 


mm 


Length  of  inferior  molars  and  premolars 21* 

I-icngth  of  inferior  molars 7* 

Length  of  first  molar 4*5 

Width  of  first?  molar 2*5 

Depth  of  jaw  at  inlerior  sectorial 4*5 

The  principal  type  specimen  was  found  on  Dry  Creek, 
Bridger  Basin,  by  Messrs.  Lamothe  and  Chew,  although  other 
specimens  are  from  Grizzly  Buttes. 

Oddectes  herpestoides  gen.  et  sp.  nov. 
Oon^  an  egg ;  and  decies^  a  biter,  in  allusion  to  the  habits  of  the  Ichneumon. 

A  genus  of  small  viverrine-like  animals,  having  the  dental 
formula  I.  f ,  C.  |,  Pm.  J,  M.  |,  with  trigon  of  inferior  molars 
high,  the  cusps  sub-eoual,  and  the  principal  inferior  shear  high 
and  very  oblique ;  interior  molars  with  trenchant  or  slightly 
basin-shaped  heels ;  transversely  extended  superior  molars,  with 
tubercular  crowns ;  anterior  and  posterior  external  angles  of 
iirst  molar  about  equally  extendeu,  and  antero-extemal  angle 
of  second  more  extended  tlian  posterior ;  a  superior  sectorial, 
with  sliarp  blade-like  principal  cusps,  and  premolars  without 
posterior  accessory  cusps. 

The  remains  upon  which  this  genus  and  species  are  founded 
consist  of  the  larger  part  of  the  skeleton  of  one  individual, 
considerably  broken,  but  at  the  same  time  with  nearly  all  the 
characteristic  portions  represented.  I  associate  with  this  type 
two  other  individuals,  one  of  which  is  represented  by  a  left 
lower  jaw,  broken  away  at  the  base  of  the  coronoid,  but  con- 
taining all  the  teeth,  with  the  exception  of  the  incisors,  in  a  state 
of  good  j)rcservation  ;  the  third  specimen  is  the  posterior  por- 
tion of  a  left  mandibular  ramus  ot  an  immature  individual,  in 
which  the  fourth  premolar  was  just  coming  into  position. 
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Dentition. — With  the  exception  of  a  single  isolated  tooth 
which  apparently  belong  to  the  upper  series,  the  incisors  are 
not  preserved  in  any  of  the  three  specimens,  but  the  bases  of 
the  alveoli  for  those  of  the  lower  jaw  can  be  indistinctly  made 
out.  They  were  three  in  number  and  arranged  apparently  as 
in  the  Faradoxures,  without  having  the  second  one  pushed 
back  out  of  line,  as  is  frequently  found  in  the  Canidse  and 
some  Viverridse.  The  canine,  figure  22,  is  relatively  large, 
high,  pointed,  and  recurved  ;  there  is  a  faint  vertical  external 
groove,  and  a  broader  shallow  one  upon  the  internal  face  of 
the  crown  ;  on  the  posterior  and  external  surface  is  an  exten- 
sive worn  area,  where  the  tooth  impinged  upon  its  fellow  of 
the  upper  series. 

22 


Figure  22  — Left  lower  jaw  of   Oodectes  herpesioides  Wortman;  outside  view; 
three  times  natural  size.    (Cotjpe.) 

The  premolars  are  four  in  number,  with  rather  short,  stout, 
thick  crowns,  having  more  or  less  of  a  tendency  towards  the 
development  of  strong  internal  cingula  and  cusps  as  seen  both 
in  the  Paradoxures  and  Herpestinee.  The  first  is  small,  single- 
rooted,  with  an  obtusely-pointed  crown  directed  well  forwards 
like  the  corresponding  tooth  in  Ilerpestes  griseus^  and  sepa- 
rated from  the  canine  by  a  short  interval.  The  second  is 
abruptly  larger,  two-rooted,  and  has  a  small,  indistinct  poste- 
rior basal  cusp.  The  third  and  fourth  are  still  larger;  their 
crowns  are  relatively  thick,  with  obtuse  points  and  inconspicu- 
ous anterior  and  posterior  basal  cusps ;  there  are  no  {)osterior 
accessory  cusps  present,  except  a  slight  indication  of  one  in  the 
la8t  premolar,  as  in  Herpeates^  to  which  the  series  of  teeth, 
including  the  canine,  bears  a  very  striking  resemblance. 

The  molars  show  many  peculiarities  for  a  Carnivore,  and  at 
first  glance  might  indeed  be  readily  mistaken  for  an  Insecti- 
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vore ;  but  a  careful  examination  clearly  reveals  their  carnivo- 
rous character.  As  is  usual  among  the  Camassidents,  the  first 
molar  is  the  largest  of  the  series,  which  decreases  in  size  pos- 
teriorly. Where  the  full  number  is  present,  it  is  a  very 
general  rule  that  the  first  greatly  exceeds  the  second  in  size; 
but  in  the  present  case  the  decrease  is  much  more  gradual. 
The  crowns  have  the  anterior  part  much  elevated  and  divided 

into  the  three  usual  cusps.  In- 
stead,  however,  of  the  external 
one  being  much  larger  and 
higher  than  the  other  two,  they 
are  more  nearly  equal  (figure  23). 
They  are  placed  at  the  points  of 
^    ■    "  "       a  triangle  whose  sides  are  sub- 

FiQURE    23— Lower    molars    of    equal,  the  shortest  side,  or  base, 

Oodecles  herpestoides  Wortman ;  in-  i.^:,.^  directed  inwards  and  a  lit- 
aide  view;   three  times  natural  size.     "^"jK  aireciea  inwaras  ana  a  111- 

(Cotjpe.)  tie  forwards.    i3etween  the  outer 

and  anterior  cusps  a  short  more 
or  less  imperfect  shear  is  developed,  and  a  posterior  shear  is 
also  present  between  the  outer  and  inner  cusps.  The  heel  is 
composed  of  a  central  fore  and  aft  secant  ridge,  on  the  inner 
side  of  which  the  border  is  slightly  raised,  thus  giving  the  first 
step  in  the  formation  of  the  basin-shaped  talon.  The  succeed- 
ing teeth  are  alike  in  structure,  with  the  exception  that  the 
principal  shear  is  proportionately  less  developed  on  account  of 
the  reduction  in  size  of  the  anterior  cusp  of  the  trigon. 

Of  the  superior  dentition,  figure  2i,  the  single  incisor,  if  it 
is  correctly  referred  to  this  category,  has  a  rather  narrow, 
pointed  crown,  somewhat  flattened  upon  its  posterior  surface, 
and  corresponds  most  nearly  with  the  second.  The  canine 
resembles  that  of  the  lower  jaw,  showing  about  an  equal 
degree  of  stoutness  and  curvature.  The  first  premolar  is  not 
preserved  in  any  of  the  specimens.  The  second  has  an 
obtusely-pointed  crown,  with  a  small  posterior  basal  cusp  and 
an  indistinct  cingulum  upon  the  inner  margin  of  its  base. 
The  third  is  thicker,  somewhat  triangular  in  cross-section, 
with  a  more  pronounced  posterior  basal  cusp  and  a  stronger 
internal  cingulum.  In  many  of  the  viverrines,  more  particu- 
larly the  Herpestine  and  Paradoxurine  sections,  the  third  pre- 
molar has  a  tendency  to  develop  an  internal  cusp,  and  the 
formation  of  the  internal  cingulum  may  be  regarded  as  the 
initial  stage  in  this  process. 

At  first  sight  it  would  appear  that  the  fourth  superior  pre- 
molar is  of  a  too  highly  developed  sectorial  character  to  corre- 
spond with  that  of  the  lower  jaw ;  but,  curious  as  this  may 
seem,  there  can  be  no  possible  doubt  of  the  association.  This 
tooth,  however,  betrays  its  primitive  character  in  the  large  size 
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of  its  antero-external  casp,  wJiich  is  relatively  high  and  coni- 
cal, with  its  posterior  portion  little  drawn  out  into  a  cutting 
surface.  The  posterior  cusp  is  sharp  and  blade-like,  bnt  pro- 
portionallj  small.  The  two  are  separated  by  the  usual  vertical 
nssnre.  There  is  a  distinct  anterior  basal  cusp,  which  has  an 
unusually  external  position.  The  presence  of  this  cusp  is  a 
very  constant  feature  of  the  viverrines,  and  its  external  position 
recalls  the  Herpestine  section  of  the  family.  The  internal 
cusp  is  of  only  moderate  proportions  and  is  placed  well  for- 
wards, as  in  the  civets  in  general. 

The  first  molar  is  symmetrical  in  respect  to  the  extension  of 
the  external  angles ;  they  are  both  equally  extended  and  the 
two  sub-equal  external  cusps  are  placed  well  inwards  from  the 


(!^«^< 


crown  margin.  The  internal  cusp  is  large  and  lunate,  and 
there  is  a  well-developed  anterior  and  a  very  faint  posterior 
intermediate  cusp.  The  second  molar  lias  the  antero-external 
angle  well  extended,  bnt  the  posterior  is  short;  with  the 
exception  of  this  difference  its  structure. is  very  like  that  of 
the  nrst.  The  third  molar  is  not  preserved,  but  the  alveoli 
indicate  not  onlv  its  existence  but  its  goodly  size  as  well. 

Vertebr(B. — While  the  vertebral  col- 
umn  is   by   no   means  complete,  yet  a 
number  of   the  vertebrte  are  preserved 
and  serve  to  give  some  idea  of  this  part 
of   the   skeleton.       A   portion   of   tlie 
atlas,  figure  25,  shows  that  the  perfo- 
rations for  tlie  vertebral  artery  are  the 
same  as  those  in  the  civets.     The  body       Fiudke   •.•5.— Portion   ot 
of    the   axis   is   rather    long,     sharply    atisB  of  Oodfj-)  htrpeatoidea 
keeled   below_,  and  there  is   a  weli-de-    I^°;*"'„"J„J°f,',e";T'"e^ 
veloped  peg-like  odontoid  iirocess.    Tlie     '     *  a  sn        jp 

bodies  of  the  remaining  cervieals  are  short,  depressed,  and 
keeled  ;  they  are  smaller  in  proportion  to  the  size  of  the  Inmbars 
ttiaD  in  any  of  the  living  civets.    The  lumbars  increase  in  size 


152        ^oriman — Studies  of  Eoc^xe  Mammalia  in  the 

progressively  backwards,  showing  elongated  inferiorly  keeled 
centra.     Thu  third  himbar,  tigure  26,  has  a  spine  of  moderate 
2g  height,  and  Bimple,  cylindrical  poste- 

__  rior,  and  hollow,  half  cylinder-like  an- 

terior zygapophyses,  and  distinct  ana- 
pophyees  and  inetapophyses.  There 
18  apparently  no  trace  of  the  donble 
tongue  and  groove  pattern  of  certain 
of  the  contemporary  Creodonte.  The 
Bacmm  is  composed  of  three  ancby- 
losed  vertebrse,  and  there  was  a  long 
FiooBB  as— Third  lumbar  and  powerful  tail. 
Tertebrsof  OodKte$herpatoida  Fore  limh. — The  scapnia  is  repre- 
Mves°nfltur/i'Hr  "'^(t'  '^^^"^cd  by  the  proximal  end  iu  a 
Him.  jpe.)  datiia^ej  condition.  The  glenoid 
cavity  is  elliptical  and  cup-shaped  ;  the  neck  is  very  short,  the 
unusually  heavy  spine  rises  close  to  the  glenoid  border,  a«  in 
the  Binturong,  and  there  was  a  prominent  metacromioa 
present. 

The  humerus,  figure  27,  is  complete,  but  considerably  crushed 
laterally  ;  it  exhibits  the  following  characters :  The  head  is  well 
rounded,  pyriform,  and  overliauge  the  axis  of  the  shaft  pos- 
teriorly ;  the  greater  tuberosity  is  inconspicuous,  and  does  not 
reach  the  level  of  the  head ;  the  deltoid  crest  is  large  and 
extends  well  down  the  shaft;  the  distal  extremity  is  browJ, 
with  large  supinator  ridge  and  internal  condyle,  and  there  is 
an  entepicondytar  foramen. 

In  its  proximal  portion,  tiie  nina,  figure  29,  exhibits  some 
peculiarities  of  structure  to  which  that  of  the  Binturonji; 
makes  a  very  decided  approach.  The  chief  peculiarity  is  seen 
in  the  upward  curvature  of  the  under  surface  of  the  olecranon 
and  its  great  lateral  breadth.  Upon  its  imier  or  radial  side,  it 
is  produced  in  such  a  way  as  to  form  a  broad  shelf-like  projec- 
tion, as  in  the  Binturong;  it  is  relatively  short  and  thick  as 
in  this  latter  species,  in  marked  contrast  with  its  elongated  form 
in  many  of  the  contemporary  Creodttnts.  Tlie  posterior  wail  of 
tlie  greater  sigmoid  cavity  has  comparatively  little  elevation, 
giving  to  the  cavity  a  shallow  appearance,  but  the  anterior 
boundary  or  coronoid  process  is  prominent  and  well  extended 
upon  its  radial  side.  Just  in  front  of  this  latter  process  is  seen 
the  deep  muscular  impression  for  the  attachment  of  the  tendon 
of  the  anterior  bnichini  muscle.  The  shaft  is  considerably 
flattened  from  side  to  side  and  traversed  by  broad  shallow 
longitudinal  grooves,  wiiich  continue  to  the  distal  end.  In  tlie 
lower  fourth  of  its  extent,  the  shaft  becomes  sharply  trianpi- 
lar  in  cross-section  by  reason  of  tlie  development  of  a  sharp 
ridge  from  the  more  or  less  rounded  internal  surface.     This 


Marsh  Collection,  PecAody  Jfuteum. 


168 


ze  is  very  highly  developed  in  the  Biaturong  and  lese  bo 
aerpestes.  The  distal  end  is  not  preserved. 
?he  radine,  figure  28,  as  compared  with  the  nlna  in  size, 
dB  abont  the  same  relationslup  as  that  seen  in  the  civets  in 
eral.  The  head  is  cup-ehapea  and  has  an  imperfectly  cir- 
ir  outline,  indicating  thereuy  complete  power  of  rotation. 


OHEB  27. — Humenia  of  OodectO  herpe 
SCRB  28. — Radius  of  same  species;  fi 
OCBE  29.— DIaa  of  same  species;  froi 
All  SgureB  are  three  balves  oalural  si 
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i  shaft  is  slightly  curved,  somewhat  compressed,  andidis- 

itly   trihedral  in   its  lower  fonrtli.     The  distal  end  is  pro 

ed   with  a  well-developed  styloid,   deep  tondinal  grooves, 

a  well-excavated  articular  surface  for  the  scaplioid  and 
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The  inaiins,  figure  30,  is  sufficiently  preserved  to  ftimieb  a 
fair  idea  of  its  urbanization.  All  the  carpal  bonea  are  present 
witli  the  exception  of  the  lunar,  magnum,  and  pisiform.  Tlie 
scaphoid,  centrale,  trapezium,  and  trapezoid,  with  the  proximal 
portions  of  the  lirst  three  metacarpals  attached,  were  found  in 
the  position  shown  in  the  accompanying  figure,  and  tliere  is 
reason  to  believe  that  the  positions  of  the  bones  are  substan- 
tially correct.  The  scaphoid  is  relatively  large,  and  is  artica- 
lated  distally  with  the  trapezium, 
'*'  trapezoid,  and  centrale.     The  trape- 

zium is  of  moderate  size  and  sap- 
ports  the  pollex  in  the  neual  way, 
which  is  not  to  any  very  great 
degree  opposable,  if  at  all.  Tlie 
trapezoid  is  rather  large,  of  an  im- 
perfectly triangular  form,  and  anp 
])ort8  the  second  metacarpal.  The 
centrale  may  be  said  to  have  an  out- 
line intermediate  between  a  quad- 
rate and  triangular  pattern  ;  it  rests 
unequally  upon  trapezoid  and  mag- 
num, and  lies  under  the  junction  of 
the  scaphoid  and  lunar.  The  unci- 
form resembles  that  of  the  modera 
civets,  and  pi'esenta  a  lateral  facet 
ot  for  articulation  with  the  lunar.  The 
"  I  cuneiform  is  flattened  from  above 
''"  downwards,  and  articulated  with  the 
unciform  in  quite  the  usual  waj. 
Of  the  metacarpals,  that  of  the  pollex  is  the  heaviest,  the 
second  and  third  being  more  slender,  with  rather  narrow 
proximal  extremities.  On  the  upper  portion  of  the  shaft  of 
the  second  is  seen  a  prominent  tuberosity,  and  a  less  conspicu- 
ous one  upon  the  third  near  the  proximal  extremity,  Tliese 
bony  protuberances,  if  normal,  probably  served  for  tlie  attach- 
ment of  the  long  and  short  car|)al  extensors,  since,  in  positinn, 
they  correspond  nearly  to  the  insertion  of  these  muscles.  The 
length  of  the  metapodials  caimot  be  ascertained,  but  tbey  were 
presumably  short.  Their  distal  ends  are  hemispherical  and 
keeled  like  those  of  the  modern  civets.  Some  fragments  of  the 
proximal  row  of  phalanges  are  preserved,  and  these  are  a^n 
like  those  of  Jicrpeistin  and  the  Binturong.  One  perfect 
phalanx,  figure  .31,  belonging  probably  to  the  second  row  of 
the  fore  foot,  is  long  and  slender,  notably  more  so  than  in  lie 
IJiiiturong,  wherein  they  are  longer  than  usual  in  the  Viver- 
ridie.  No  ungual  plialangew  are  known. 
l^To  be  conliDued.] 
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&.RT.  XVI. — T/ie  Electromagnetic  Effecte  of  Moving  Charged 

Spheres  ;  by  Edwin  r.  Adams. 

The  magnetic  effects  due  to  moving  charges  were  first 
ihown  experimentally  bv  Professor  Rowland*  in  1876.  Dr. 
E.  Lecher,t  in  188i,  thinking  that  the  importance  of  the 
experiment  rendered  its  repetition  desirable,  did  so,  but  with 
legative  results.  Insufficient  data  regarding  his  experiment 
nake  it  difficult  to  point  out  the  cause  of  his  failure  to  obtain 
:he  effect.  Since  then,  Professor  Rowland's  results  have  been 
Fully  confirmed  by  Professor  W.  C.  Rontgen:^  in  1885 ;  by 
Elowland  and  Hutchinsong  in  1889 ;  and  by  Professor  F.  Him- 
>tedt|  later  in  the  same  year. 

The  next  experimental  attack  upon  this  problem  was  by 
M.  V.  Cremieui  at  Paris  in  1900-1.  His  experiments  were 
originally  undertaken  to  determine  whether  a  changing  mag- 
netic field  exerts  a  mechanical  force  upon  an  electrically 
charged  body.  The  negative  results  obtained  led  him  to 
mdertake  a  series  of  experiments  on  the  magnetic  effect  of 
noving  electric  charges.  The  results  of  these  experiments 
ire  apparently  all  opposed  to  the  results  obtained  by  the  above 
)bservers.  The  data  which  have  thus  far  appeared  do  not 
^ive  sufficient  details  to  render  it  certain  that  positive  results 
honid  have  been  expected.  Oremieu  himself  states  that  he 
s  convinced  that  the  effect  does  not  exist. 

The  great  importance  of  the  experiment  would  seem  to 
ender  further  investigation  desirable,  and  the  present  paper 
ontains  a  description  of  an  experiment  with  this  end  in  view. 

All  previous  experiments  have  been  made  with  rotating 
lists.  With  one  exception  the  direct  effect  of  a  charged 
otating  disk  upon  a  magnetic  needle  has  been  examined. 
?be  exception  referred  to  is  the  method  employed  by  Cremieu 
n  one  of  his  experiments  where  he  sought  to  observe  the 
adnctive  effect  of  charging  and  discharging  a  rotating  disk 
ipon  a  neighboring  coil  of  wire  in  circuit  with  a  sensitive 
;alvanometer. 

The  use  of  charged  spheres  was  suggested  by  Professor  J.  J. 
riiomson**  in   1881,  and  he  gives  a  calculation  of  the  mag- 

*  This  Journal  (3),  xv,  p.  30,  1878. 

t  Rep.  d.  Phys.,  XX,  p.  151,  1884 

i  Sitz.  d.  Berlin  Akad.,  p.  198,  1885. 

g  Phil.  Mag.  (3),  xxvii.  p.  445,  1889. 

I  Wied.  Ann ,  xxxviii,  p.  560,  1889. 

^  Comptes   Rendus,  cxxx,  p.  1544;    cxxxi,  p.  578;  cxxxi,  p.  797  ;  cxxxii,  p. 

57. 
♦*  PhiL  Mag.,  xi,  p.  236,  1881. 
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responds  to  600  revolutions  of  the  axle. 


netie  force  which    would 
be  produced  by  the  motion 
of  a  sphere  charged  to  the 
highest  possible  potential. 
In  many  respects  this  seems 
the  most  natural  method  of 
procedure,  and  was  adopted 
^        in  this  experiment.     The 
I  ^  I    ^  description  of  the  appara- 
^"^-^    '  tus  employed  follows. 

A  hollow  brass  shaft, 
AA  (tigs.  1  and  2),  is  sep- 
arated into  two  portions 
by  the  hard  wood  bar  B. 
The  shaft  turns  in  fiber 
,  bearings,  and  the  pulley  and 
\  belt  at  I),  fig.  2,  communi- 
cate power  from  the  coun- 
tershaft FF.  The  spheres 
which  carry  the  electric 
charges  are  spun  out  of 
sheet  copper  into  hemi- 
spheres, soldered  together. 
There  are  two  sets  of 
spheres,  16  in  each  set 
Brass  rods  pass  through 
the  hollow  sptieres,  and  are 
soldered  to  them.  These 
brass  rods  are  screwed  into 
collars  carried  on  the  axle. 
The  two  sets  of  spheres 
are  thus  insulated  from 
each  other  by  the  hard 
wood  bar,  8*"  in  length. 
The  electricity  is  commn- 
nicated  to  the  two  por- 
tions of  the  axle  by  the  cop- 
per brushes  CC,  tig.  2,  and 
the  spheres,  being  in  con- 
tact with  the  axle,  thus  be- 
come charged  themselves. 
The  speed-counter  E,  tig. 
2,  is  directly  attached  to  one 
end  of  the  axle.  The  gear- 
ing is  so  proportioned  that 
one  revolution  of  the 
crown-gear  and  dial  I,  cor- 
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The  ma^etic  system  opoo  wliich  the  direct  effect  of  the 
movine  charged  spheres  is  observed,  is  enclosed  in  the  braes 
tnbe  H,  closed  on  the  bottom  by  a  glass  plate  coated  with  tin- 
foil. This  tin-foil  is  cat  into  strips  parallel  to  the  axle  for  the 
purpose  of  preventing  condaction  currents  flowing  in  it  in  a 
direction  in  which  they  could  cause  a  deflection  of  the  needle. 
The  needle-aystem  is  carried  on  a  piece  of  mica,  7'5™  long 
and  l-25™  wide.     Pieces  of  well-hardened  magnetized  watch- 


spring  are  cemented  at  the  lower  edge  and  near  the  upper  edge 
of  the  mica  so  as  to  form  an  astatic  ejstetn.  The  needles  are 
placed  perpendicularly  to  the  axle.  The  mirror  is  also 
eemented  to  the  mica,  a  little  above  its  center,  and  is  observed 
through  an  openiug  in  the  brass  tnbe  at  S,  covered  with  a  thin 
glass  plate.  The  whole  needle-system  is  suspended  by  a  quartz 
fiber,  32™  in  length. 

The  magnetometer  tube  H  is  carried  in  a  brass  collar  P, 
which  is  screwed  to  the  brass  plate  M.  This  plate  is  provided 
with  levelling  screws,  and  rests  on  the  board  shelf  N,  sup- 
ported at  its  ends  on  two  brick  piers.  Underneath  the  level- 
ling screws  are  placed  pieces  of  felt,  to  take  up  any  mechanical 
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vibrations.  Bj  means  of  control  magnets  placed  on  the  brass 
plate  M  any  required  degree  of  sensitiveness  can  be  given  to 
the  needle-system.  All  metallic  parts  of  the  magnetometer 
tube  and  supports  are  earthed.  A  single  torn  of  wire  at  K 
serves  to  determine  the  needle-constant.  The  deflections  are 
read  by  means  of  the  telescope  and  scale  T,  placed  at  a  dis- 
tance of  3  meters  from  the  mirror. 

Power  for  driving  the  spheres  is  famished  by  a  4  horse- 
power motor,  at  a  distance  or  7  meters  from  the  magnetome- 
ter. A  heavy  iron  casting,  L,  in  front  of  the  motor,  gives 
additional  screening  of  magnetic  disturbances  due  to  the 
motor.  The  motor  is  belted  to  the  steel  countershaft,  FF, 
which  turns  in  hangers  placed  along  the  cement  floor.  A 
rigid  wooden  framework  is  built  up  from  the  floor  to  carry 
the  revolving  spheres.  The  axle  AA  is  at  a  distance  of  1 
meter  from  the  floor.  The  brick  piers  which  support  the 
magnetometer  are  entirely  separate  from  the  floor  and  from 
the  framework  which  carries  the  spheres. 

The  electricity  for  charging  the  spheres  is  furnished  by  the 
battery  of  10,000  storage  cells  used  by  Professor  Trowbridge 
in  investigations  in  spectrum  analysis,  etc.,  and  which  has  been 
described  by  him  in  this  Journal.  The  battery  is  on  the  third 
floor  of  the  laboratory,  while  the  apparatus  for  this  experiment 
was  set  up  in  the  basement.  The  wires  leading  down  from 
the  battery  are  well  separated  from  each  other  and  from  sur- 
rounding walls,  except  for  a  short  distance,  where  they  are 
carried  in  thick-walled  glass  tubes.  A  commutator  is  inserted 
to  reverse  the  sign  of  the  charges  of  the  spheres. 

A  good  deal  of  difliculty  was  met  with  duo  to  the  wind  pro- 
duced by  the  revolving  spheres.  These  have  a  velocity  of 
about  three  miles  a  minute,  and  the  wind  was  sufiicient  to  shake 
the  shelf  supporting  the  magnetometer  so  that  it  was  impossi- 
ble to  take  readings  owing  to  the  continual  vibration  of  the 
needle-system.  This  made  it  necessary  to  build  a  shield 
around  the  spheres  to  keep  the  wind  from  blowing  directly  on 
any  part  of  the  magnetometer  support.  In  order  to  bring  the 
needles  as  close  as  possible  to  the  spheres,  the  top  board  oi  the 
shield  has  a  hole  cut  in  it  into  which  the  lower  end  of  the 
magnetometer  tube  is  placed.  The  hole  is  closed  on  the  bot- 
tom by  a  ^Qv^  thin  glass  plate,  which  the  spheres  just  clear 
when  revolving. 

Not  the  slightest  movement  of  the  needle  could  be  observed 
when  the  motor  alone  was  run,  or  when  the  motor  and  steel- 
shaft  along  the  floor  were  run.  But  the  cutting  of  the  earth's 
magnetism  by  the  brass  axle  was  sufiicient  to  produce  a  deflec- 
tion of  several  centimeters.  As  long  as  the  speed  remained 
perfectly   constant   this  gave   no   trouble.     But  if  the  speed 


Moving  Charged  Spheres.  159 

varied  by  even  a  small  amoant  this  was  very  troublesome,  and 
was  one  of  the  principal  sources  of  error  in  the  experiment. 

The  two  sets  of  spheres  are  charged  oppositely,  one  being 
connected  to  the  positive  pole  of  the  battery  and  the  other  to 
the  negative  pole.  On  charging  them  while  at  rest  a  very 
small  deflection  was  observed.  This  was  not  due  to  direct 
electrostatic  effect,  but  to  the  rush  of  current  flowing  in  to 
charge  the  spheres.  It  is  onl^  an  instantaneous  effect,  the 
needle  coming  back  to  its  original  position  of  equilibrium 
almost  immediately.  This  deflection  was  entirely  gotten  rid  of 
by  inserting  a  large  water-resistance  in  series  with  the  battery. 
With  this  resistance  in,  and  the  spheres  at  rest,  no  effect  could 
be  observed  on  the  needle  when  the  spheres  were  charged,  or 
when  the  charge  was  reversed  in  sign. 

When  the  spheres  were  set  revolving,  and  the  electrification 
was  reversed,  a  distinct  deflection  of  the  needle  was  produced. 
It  was  diflScult  always  to  get  satisfactory  readings  of  this 
deflection  due  to  slight  changes  in  the  speed  and  the  conse- 
quent change  of  the  zero-point.  But  the  qualitative  effect  was 
unmistakable.  The  deflection  was  in  the  direction  to  be 
expected  ;  that  is,  a  positively  charged  sphere  gives  rise  to  a 
magnetic  force  in  the  same  sense  as  a  current  flowing  in  the 
direction  of  motion. 

At  first  sight  there  seems  to  be  a  possible  alternative  explana- 
tion of  this  effect.  It  may  be  that  the  charges  are  continually 
swept  off  from  the  rapidly  moving  spheres  by  their  motion 
through  the  air,  and  that  tliiis  a  continual  flow  of  electricity  is 
produced  in  the  wires  which  connect  the  battery  to  the  spheres. 
But  the  strength  of  such  a  current,  if  it  existed,  would  be  far 
too  small  to  produce  the  observed  effects  owing  to  the  very 
large  resistance  of  the  water  in  series  with  the  battery.  With 
this  consideration,  and  the  absolute  regularity  with  which  the 
effect  was  observed,  there  appears  to  be  do  reasonable  doubt 
that  this  is  an  actual  magnetic  effect  due  to  moving  charges. 

All  observations  were  made  between  the  hours  of  one  and 
five  in  the  morning.  It  was  impossible  to  get  any  satisfactory 
readings  in  the  day  time,  owing  mainly  to  the  magnetic  dis- 
turbances produced  by  the  electric  cars.  Furthermore,  the 
speed  of  the  motor  was  more  constant  at  that  time  than  during 
the  day,  since  the  load  on  the  mains  of  the  power-plant  varied 
less.  It  was  found  most  satisfactory  to  have  the  sensitiveness 
of  the  needle  such  that  a  deflection  of  5-15  millimeters  was 
produced  on  reversing  the  electrification.  Much  greater  sen- 
sitiveness could  easily  have  been  obtained,  but  the  zero-point 
varied  so  much  that  the  readings  were  less  reliable.  The  speed 
used  was  about  50  revolutions  per  second.  At  this  speed  no 
trouble  was  experienced  from  wind  or  from  vibrations  commu- 
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nicated  directly  to  the  magnetic  system.  Bnt  when  the  speed 
exceeded  60  revolutions  per  second  the  needle  began  to  vibrate 
sufficiently  to  make  observations  difficult. 

The  following  is  the  method  used  in  taking  a  series  of  read- 
ings. The  motor  was  started,  and  the  time  or  2500  revolutions 
of  the  axle  determined.  The  spheres  were  then  charged ;  two 
elongations  of  the  needle  on  one  side  of  the  zero-position  were 
read,  and  one  on  the  other  side ;  the  electrification  was  then 
reversed,  and  similar  readings  taken.  Sometimes  the  readings 
were  not  taken  until  the  needle  had  come  nearly  to  rest,  and 
its  new  equilibrium  position  estimated.  This  was  repeated 
until  about  ten  reversals  had  been  made.  The  speed  was 
then  again  determined.  The  average  of  the  deflections,  and 
the  average  of  the  two  values  of  the  speed  were  taken  as  repre- 
senting the  series.  The  needle  constant  was  determined  before 
and  after  a  number  of  series. 

An  attempt  will  be  made  in  the  following  to  compare  the 
results  obtained  with  the  results  expected  from  theory.  From 
reasons  which  will  appear  later  this  comparison  can  be  regarded 
only  as  approximate,  and  is  given  merely  to  show  that  the 
observed  results  are  of  the  right  order  of  magnitude.  Row- 
land's method  of  using  the  experiment  to  determine  V,  the 
ratio  of  the  units,  will  be  used. 

The  magnetic  force  produced  by  a  moving  charge,  y,  travel- 
ing at  velocity  v^  is  :* 

„      qv  sin  c 
±1= , — 

P 
where  p  is  the  radius  vector  drawn  from  the  charge  to  the  point 
at  which  H  is  measured,  and  €  is  the  angle  between  p  ana  the 

^  direction  of  motion.     This  expres- 

sion holds  only  in  case  the  veloc- 
ity V  is  small  compaced  with  the 
velocity  of  light.  This  may  also 
be  taken  as  the  magnetic  force 
produced  by  a  moving  charged 
sphere,  the  charge  being  supposed 
concentrated  at  its  center.  The 
force  acts  in  a  direction  perpen- 
dicular to  p  and  to  the  direction 
of  motion. 

The  magnetic  force  at  either  the 

upper  or  lower  needle,  due  to  one 

of  the  spheres  at  any  point  in  its 

path,  is  found  as  follows: 

The  two  sets  of  spheres  revolve 

♦  J.  J.  Thomson,  Phil.  Mag.,  xi,  p.  236,  1881;  Heaviside,  Electrical  Papers, 
vol.  ii,  p.  505. 
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in  two  parallel  circles,  distant  b  from  each  other.  The  plane 
of  revolution  is  taken  perpendicular  to  the  plane  of  the  paper 
(fig.  3).  The  needles  lie  in  one  of  the  planes  of  revolution. 
The  force  at  P  due  to  the  sphere  at  A  is  required. 

p=PA. 
b  =0B. 
rf  =  PB.    ' 

c  =  OC  =  OA  =  radius  of  revolution. 

€  =  angle  between  p  and  tangent  at  A. 

6  =  angle  between  vertical  radius  and  radius  to  A 


d 
cos  <^=cos  B    ,  ^,     „ 

p^=d^  +  b^-\-c*—2dc  cos  $ 

d  sin  0 
cos  c= 


^    d'-hb'-^C'-^dcc 


sin  €=4/  — ^"'  '  '     ' — -L — : 

cos  $ 


The  force  acts  in  a  direction  perpendicular  to  p  and  the 
tangent  at  A.  The  component  of  this  force  in  the  direction  of 
the  normal  to  the  plane  of  revolution  is  required.  Let  -^  be 
the  angle  between  the  direction  ot  the  force  and  the  normal  to 
the  plane  of  revolution. 

(/  cos  0—c 

cos  ^=     .-  -  F^^ 

\/(c?co8  e-cY  +  b^ 

where  N  is  the  number  of  revolutions  per  second. 
Hence : 

^__       2irNc^  (c?cos  ^— c) 

""V[c;'  +  ^»'  +  c'-2cfc  cos  e]i 

X  is  the  component  of  the  force  at  P  in  the  direction  of  the 
axle  due  to  the  sphere  at  A.  V  is  the  ratio  of  the  units.  The 
capacity  of  the  spheres  and  their  potential  are  measured  in 
electrostatic  units. 

Figure  4  is  plotted  from  this  expression,  and  shows  how  the 
force  varies  with  the  position  of  the  spheres.  The  upper  curve 
gives  the  resultant  force  at  the  lower  needle  due  to  both  sets 
of  spheres,  and  the  lower  curve,  which  is  nearly  a  straight  line, 
gives  the  force  at  the  upper  needle.     Let  the  mean  value  of 
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the  force  at  the  lower  needle  obtained  by  time-iategratioiiof 
the  curve  be : 

and  the  mean  value  of  the  force  at  the  upper  needle  : 


ZS 


t 


\ 


\ 
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Then  tiie  effect  on  the  needle  will  be  the  same  ae  if  constiot 
foroee  of  these  magnitudes  acted  upon  it.  The  same  resnl' 
conid  be  obtained  hj  imagining  two  coils  of  wire  paseii;? 
throMfjh  the  eentere  of  the  two  sets  of  spheres  throngh  wbicU 
a  carrcnt  was  sent  in  opposite  directions  of  such  a  magnitnde 
tliat  the  same  amount  of  electricity  passed  any  point  per 
second  as  in  the  case  of  the  charged  spheres. 
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Force  at  lower  needle  dae  to  calibrating  coil : 

being  the  radius  of  the  coil,  and  x  its  distance  from  the  plane 
the  needles. 
Force  at  upper  needle  due  to  calibrating  coil : 

'  '  [^(r-)'^'<°°'*>-  7  1(7)*  P.(«««<')+ ]=2'  ID 

i>eing  the  distance  of  the  center  of  the  coil  to  the  upper 
edle,  and  0  the  angle  between  the  axis  of  the  coil  and  r. 
Let  M  be  the  moment  of  the  lower  needle,  and  H  the  earth's 
rizontal  magnetic  force  at  its  center;  M'  and  H^  the  corre- 
onding  values  for  the  upper  needle.  Let  0  be  the  angular 
flection  of  the  needle-system  produced  by  the  current  in  the 
librating  coil,  and  <f>  the  angular  deflection  produced  by  the 
oving  charged  spheres. 

Equating  tne  couple  acting  on  the  needle  system  due  to  the 
rth's  field  to  the  couple  acting  on  the  needle-system  due  to 
e  current  in  the  calibrating  coil,  and  putting  M/M'  =  l,  we 
ive: 

HM-H^M^  _  27rI(C-D) 

M         ""     ~iaO 

imilarly,  equating  the  couple  acting  on  the  needle-system  due 
)  the  earth's  field  to  the  couple  acting  on  the  needle-system 
ne  to  the  revolving  charged  spheres,  we  have  : 

HM-HM^  _  27rNg(A~B) 
M  ""       V  tan  <f> 

lence  ^_A  — B  N*/  tan  0 

""  C^D  X  taiT^ 

Let  8  be  the  scale  deflection  on  reversing  the  current  I  in 
he  calibrating  coil,  and  A  the  scale  deflection  on  reversing  the 
harges  of  the  spheres.     Then  : 

~C-D    i    A 

and  d\  the  distances  of  the  centers  of  the  lower  and  upper 
eedles  respectively  from  the  axle,  were  determined  by 
^eans  of  a  cathetometer,  the  distance  of  the  mirror  from  the 
enter  of  the  axle  being  directly  measured,  from  which  d  and 
'  were  obtained. 

The  current  sent  through  the  calibrating  coil  for  determining 
ie  needle-constant  was  measured  by  a  Weston  milliammeter. 
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The  value  found  was  accarate  to  at  least  one-half  of  one  per 
cent,  which  is  suflBcient  for  this  purpose. 

The  charge  of  the  spheres  is  the  most  uncertain  element  in 
the  quantitative  determination,  and  it  is  this  uncertainty 
especially  which  makes  the  method  of  revolving  spheres  far 
less  suitable  for  quantitative  work  than  the  method  of  rotating 
disks,  particularly  as  employed  by  Kowland  in  his  second 
experiment.  If  a  single  set  of  spheres  had  been  used,  charged 
to  the  same  potential,  an  equal  opposite  charge  would  have 
been  induced  on  neighboring  conductors  which  would  have 
travelled  with  the  charges  on  the  spheres.  It  would  have  been 
difficult  to  determine  just  what  the  resultant  effect  should  be. 
For  this  reason  two  distinct  sets  of  spheres  were  used,  charged 
oppositely,  the  spheres  always  keeping  the  same  relative  posi- 
tions. It  was  then  assumed  that  the  only  moving  charges 
were  those  carried  on  the  moving  spheres.  The  capacity  of 
the  spheres  was  calculated  on  the  assumption  that  they  were 
the  only  conductors  present.  The  charge  on  any  one  sphere 
was  calculated  by  the  method  of  images,  the  charges  on  all  the 
other  spheres  being  regarded  as  concentrated  at  their  centers. 
We  then  have  (Maxwell,  volume  i,  section  159): 

±  ^  =  charge  of  each  sphere. 
±  P  =  its  potential. 
a  =  its  radius. 
/„/„  etc.  =  the  distances  of  the  centers  of  the  spheres 

from  one  another. 

Then  the  charge  on  any  sphere  is  given  by  : 

q  =  Pa-qa{^  +1 +....)  +  ?«(;i  +  ;^+  •  •  •  •) 

where  the  odd  subscripts  refer  to  spheres  of  the  same  set  and 
even  subscripts  to  spheres  of  the  other  set^ 

Numerous  determinations  have  shown  that  the  potential  of 
the  individual  cells  making  up  the   battery   averages  almost 
exactly  two  volts  when  freslily  charged.     On  this  basis,  assum- 
ing perfect  insulation,  the  potential  used  was  20,000  volts.     It 
was  thought  best,  however,  to  get  a  closer  estimate   of  the 
potential,   since  the   insulation   was' not  perfect.     This    was 
measured    by   means  of  a  guard-ring   electrometer.     If   tho 
radius  of  the  movable  disk  is  R,  the  inside  radius  of  the  guard— 
ring  E',  D  the  distance  between  the  moveable  disk  and  th^ 
fixed  disk,  "W  the  weight  required  to  balance  the  attraction  o£ 
the  two  disks,  and  g  the  acceleration  of  gravity,* 

*  Maxwell,  yolutne  i,  section  217. 
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P  =  4Di/      ^^ 

^  R'  +  R" 


R  =      6-933 
R'=      6-033 
g  =980- 

The  following  determinations  were  made : 

D  G  P 

3-0  2-078  64-0 

2-5  2-780  62-0 

20  4-505  63-0 

These  values  of  the  potential  are  in  electrostatic  units.  To 
convert  into  volts  multiply  by  300,  and  the  potential  as  meas- 
ured by  the  electrometer  is  18,900. 

As  a  further  check  the  maximum  sparking  distance  between 
two  metallic  spheres  was  measured.  With  polished  brass 
spheres,  2-6^°*  in  diameter,  this  distance  was  found  to  be  0-58^". 
According  to  the  observations  of  Bailie,*  this  corresponds  to  a 
potential : 

P  =  63 

Bailie's  observations  were  with  spheres  of  different  sizes.  In 
the  region  of  a  spark-length  of  this  magnitude,  he  found  that 
spheres  of  3*^™  diameter  gave  nearly  the  same  results  as  spheres 
1^  in  diameter^  so  that  his  results  for  spheres  of  3*^™  diameter 
can  be  used  with  very  small  error  for  spheres  2*6^™  in  diameter. 
From  these  determinations,  the  value 

P  =  63 

in  electrostatic  units  is  taken  as  the  potential  of  the  spheres. 
The  great  advantage  in  using  a  storage  battery  as  the  source 
of  electricity  is  that  one  measurement  is  su£Scient  to  determine 
the  potential.  The  battery  when  used  was  always  freshly 
charged,  and  the  variations  in  its  potential  from  one  expen- 
ment  to  another  were  very  small. 
Substituting  the  following  numerical  values : 

Radius  of  spheres  =    1*35 


We  find 


c 

=  20-38 

d 

=  22-91 

d' 

=  29-28 

h 

=    8-16 

X 

—  19-30 

h 

=    2-55 

A-B 

=  1-541 

C-D 

=  0-000232 

2 

=  1-38  X  63 

*  J.  J.  Thomson,  Recent  Researches,  p.  77. 
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Below  are  given  the  saccessive  eqailibrinm  positions  of  the 
needle  in  six  series  of  reversals,  as  an  illustration  of  the  results 
that  have  been  obtained : 

No.  1.  No.  2.  Na  3. 


63 

165 

130 

60 

66 

172 

178 

109 

122 

64 

76 

188 

223 

122 

130 

71 

79 

200 

220 

112 

130 

69 

76 

213 

121 

140 

69 

146 
164 
162 

156 
171 

The  needles  were 

then  moved  a  little  closer  to  the 

spheres, 

giving: 

d'= 
A-B  = 

:  22-47 

:  28-84 
:  1-834 

No-. 

4. 

No 

.  6. 

No. 

6. 

92 

114 

164 

108 

84 

106 

135 

148 

156 

113 

118 

120 

135 

148 

149 

108 

155 

142 

149 

152 

143 

125 

185 

164 

192 

139 
147 

155 

In  all  these  cases,  the  first  column  gives  the  readings  when 
the  spheres  directly  under  the  magnetometer  are  positively 
charged,  and  the  second  column  when  they  are  negatively 
charged.  In  No.  1,  the  successive  deflections  are :  8,  8,  2, 12, 
5,  8,  10,  7,  7;  giving  an  average  of  6*7.  In  No.  4  they  areS 
21,  13,  0,  8,  18,  18,  9,  19,  -6,  10,  -8,  7,  9  ;  giving  an  average 
of  9.  It  is  evident  that  with  variations  such  as  are  present 
here  the  measurements  can  be  regarded  only  as  a  rough 
approximation.  But  the  most  important  fact  to  be  observed  is 
that  when  the  spheres  directly  under  the  magnetometer  are 
changed  from  negative  to  positive  a  deflection  toward  the 
small  figures  of  the  scale  takes  place ;  and  when  changed  from 
positive  to  negative  a  reverse  deflection  takes 'place.  When  on 
account  of  changes  in  the  zero-point  some  of  tne  deflections  do 
not  apparently  follow  this  rule,  they  are  entered  with  a  nega- 
tive sign  in  finding  the  average  deflection.  There  has  invari- 
ably resulted  a  positive  deflection  on  taking  the  average. 

Earlier  experiments  were  made  with  four  spheres  in  each 
set.  With  this  number  it  was  possible  to  get  much  higher 
speeds — 75-85  revolutions  per  second.  Similar  qualitative 
results  were  observed,  but  when  comparison  with  tneory  was 
attempted  it  appeared «that  fair  agreement  could  be  obtained  if 
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the  maximum  value  of  the  magnetic  force  were  used  instead  of 
the  average.  This  was  largely  an  accidental  result,  a  sufficient 
number  of  reversals  not  having  been  made. 

It  would  have  been  desirable  to  have  made  a  larger  number 
of  reversals  in  each  series,  but  after  the  apparatus  had  been 
running  for  some  time  the  bearings  heated  so  much  that  it  was 
impracticable. 

The  following  table  gives  the  values  of  the  ratio  of  the 
units  obtained  from  the  above  readings : 


No 

N 

A 

I 

6 

V 

1 

42 

6-7 

•00364 

26 

2-6 

10" 

2 

55 

10-6 

•00355 

31 

2-6 

3 

55 

90 

•00355 

31 

3-1 

4 

49 

11-3 

•00298 

29 

2-9 

5 

41 

5-5 

•00280 

15 

2-7 

6 

48 

7-0 
Averaere  . 

•00280 

15 

2-6 

. .  2-8 

lO*'' 

These  results  may  be  taken  as  fairly  representing  all  that 
have  been  obtained.  The  agreement  between  theory  and  experi- 
ment is  fully  as  good  as  could  be  expected  when  all  the  uncer- 
tain elements  in  the  determination  are  taken  into  consideration. 

These  uncertain  elements  are:  (1)  The  actual  charges  carried 
by  the  spheres  and  the  effect  of  surrounding  bodies,  especially 
the  plate  coated  with  tin-foil  covering  the  lower  end  of  the 
magnetometer  tube.  This  tin-foil  is  cut  into  strips  about  1 
millimeter  in  width  and  its  effect  must  be  small.  (2)  The 
non-uniformity  of  distribution  of  electricity  upon  the  spheres 
80  that  the  charges  cannot  be  regarded  accurately  as  concen- 
trated at  their  centers.  (3^  Errors  in  reading  the  deflection  of 
the  needle  due  to  outside  disturbances. 

Experiments  have  also  been  made  with  the  direction  of 
motion  of  the  spheres  reversed.  The  results  obtained  are 
similar  in  every  respect  to  those  given  above,  except  that  they 
are  reversed.  Experiments  using  only  a  portion  of  the  10,000 
cells  of  the  storage  battery  gave  results  which  agree  fairly  well 
with  the  preceding.  The  deflections  were  too  small,  however, 
to  expect  very  close  agreement. 

Jefferson  Physical  Laboratory,  Earvard  University,  Cambridge,  Mass. 
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Abt.  XVII. — The  Nadir  of  Temperat%f,re  and  Allied  PrcHh 
lems;  by  James  Dewar,  LL.D.,  F.K.S.  [Bakerian  Lecture 
(abstract)  read  before  the  Royal  Society,*  June  13,  1901.] 

1.  Physical  Properties  of  Liqaid  and  Solid  Hydrogen.  3.  Separation  of 
Free  Hydrogen  and  other  Gases  from  Air.  8.  Electric  Resistance  Ther- 
mometry at  the  Boiling  Point  of  Hydrogen.  4.  Experiments  on  the  Lique- 
faction of  HeHam  at  the  Melting  Point  of  Hydrogen.  5.  Pyroelectricitj, 
Phosphorescence,  etc. 

Details  are  given  in  this  paper  which  have  led  to  the  follow- 
ing results : — 

The  helium  thermometer  which  records  20^5  absolute  as  the 
boiling  point  of  hydrogen,  gives  as  the  melting  point  16°  abso- 
lute. This  value  does  not  differ  greatly  from  the  value  pre- 
viously deduced  from  the  use  of  hydrogen  gas  thermometers, 
viz.,  16°*7.  The  lowest  temperature  recorded  by  gas  thermom- 
eter is  14°'5,  but  with  more  complete  isolation  and  a  lower 
pressure  of  exhaustion,  it  will  be  possible  to  reach  about  13° 
absolute,  which  is  the  lowest  temperature  that  can  be  com- 
manded by  the  use  of  solid  hydrogen.  Until  the  experiments 
are  repeated  with  a  helium  gas  thermometer  filled  at  different 

{)ressure8,  with  the  gas  previously  purified  by  cooling  to  the 
owest  temperature  that  can  be  reached  by  the  use  of  solid 
hydrogen,  no  more  accurate  values  can  be  deduced. 

The  latent  heat  of  liquid  hydrogen  about  the  boiling  point  as 
deduced  from  the  vapor  pressures  and  helium-thermometer 
temperatures,  is  about  200  units,  and  the  latent  heat  of  solid 
hydrogen  is  about  16  units. 

The  order  of  the  specific  heat  of  liquid  hydrogen  has  been 
determined  by  observing  the  percentage  of  liquid  that  has  to 
be  quickly  evaporated  under  exhaustion  in  order  to  reduce  the 
temperature  to  the  melting  point  of  hydrogen,  the  vacuum  ves- 
sel in  which  the  experiment  is  made  being  immersed  in  liqaid 
air.  It  was  found  that  in  the  case  of  hydrogen  the  amount 
that  had  to  be  evaporated  was  15  per  cent,  iftis  value,  along 
with  the  latent  heat  of  evaporation,  gives  an  average  specific 
heat  of  the  liquid  between  freezing  and  boiling  point  of  about 
6.  When  liquid  nitrogen  was  similarly  treated  for  comparison, 
the  resulting  specific  heat  of  the  liquid  came  out  0*43  or  about  6 
per  atom.  Hydrogen  therefore  follows  the  law  of  Dulong  and 
Petit,  and  has  the  greatest  specific  heat  of  any  known  substance. 
The  same  fine  tube  used  in  water,  liquid  air,  and  liquid 
hydrogen  gave  respectively  the  capillary  ascents  of  15*5,  2  and 
5*5  divisions.  The  relative  surface  tension  of  water,  liquid  air, 
and  liquid  hydrogen  are  therefore  in  the  proportion  of  15*5,  2, 
0*4.     In  other  words,  the  surface  tension  of  hydrogen  at  its 

•  From  an  advance  proof  received  from  the  author. 
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boiling  point  is  about  one-fifth  that  of  liquid  air  under  similar 
conditions.  It  does  not  exceed  one  thirty-fifth  part  the  surface 
tension  of  water  at  the  ordinary  temperature. 

The  refractive  index  of  liquid  hydrogen,  determined  by 
measuring  the  relative  difference  of  focus  for  a  parallel  beam 
of  light  sent  through  a  spherical  vacuum  vessel  filled  in  succes- 
sion with  water,  liquid  oxygen,  and  liquid  hydrogen,  gave  the 
value  1'12.  The  theoretical  value  of  the  liquid  refractive 
index  is  I'll  at  the  boiling  point  of  the  liquid.  This  result  is 
sufficient  to  show  that  hydrogen,  like  liquid  oxygen  and  nitro- 
gen, has  a  refractivity  in  accordance  with  theory. 

Free  hydrogen,  helium,  and  neon  have  been  separated  from 
air  by  two  methods.  The  one  depends  on  the  use  of  liquid 
hydrogen  to  boil  the  dissolved  gases  out  of  air  kept  at  a  tem- 
perature near  the  melting  point  of  nitrogen;  the  other  on  a 
simple  arrangement  for  keeping  the  more  volatile  gases  from 
getting  into  solution  after  separation  by  partial  exhaustion.  By 
the  latter  mode  of  working  something  like  l/34000th  of  the 
volume  of  the  air  liquefied  appears  as  uncondensed  gas.  The 
latter  method  is  only  a  qualitative  one  for  the  recognition  and 
separation  of  a  part  of  the  hydrogen  in  air.  In  a  former 
paper  on  the  ''Liquefaction  of  Air  and  the  Detection  of  Impur- 
ities,"* it  was  shown  that  100  cc.  of  liquid  air  could  dissolve 
20  cc.  of  hydrogen  at  the  same  temperature.  The  crude  gas 
separated  from  air  by  the  second  method  gave  on  analysis — 
hydrogen  32*5  per  cent.,  nitrogen  8  per  cent.,  helium,  neon, 
&c.,  60  per  cent.  After  removing  the  hydrogen  and  nitrogen 
the  neon  can  be  solidified  by  cooling  in  liquid  hydrogen  and 
the  more  volatile  portions  separated. 

There  exists  in  air  a  gaseous  material  that  may  be  separated 
without  the  liquefaction  of  the  air.  For  this  purpose  air  has 
to  be  sucked  through  a  spiral  tube  filled  witli  glass  wool  im- 
mersed in  liquid  air.  After  a  considerable  quantity  of  air  has 
been  passed,  the  spiral  is  exhausted  at  the  low  temperature  of 
the  liquid  air  bath.  The  spiral  tube  is  now  removed  and 
allowed  to  heat  up  to  the  ordinary  temperature,  and  the  con- 
densed gas  taken  out  by  the  pump.  After  purification  by 
spectroscopic  fractionation  the  gas  tilled  into  vacuum  tubes 
gives  the  chief  lines  of  xenon.  The  spectroscopic  examination 
of  the  material  will  be  dealt  with  in  a  separate  paper  by 
Professor  Liveing  and  myself.  A  similar  experiment  made 
with  liquid  air  kept  under  exhaustion,  the  air  current  allowed 
to  circulate  being  under  a  pressure  less  than  the  saturation 
pressure  of  the  liquid  to  prevent  liquefaction,  resulted  in  cryp- 
ton  being  deposited  along  with  the  xenon. 

A  study  01  fifteen  electric-resistance  thermometers  as  far  as 
the  boiling  point  of  hydrogen,  has  been  made,  and  the  results 

•  Chem.  Soc.  Proc.,  1897. 
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reduced  by  the  Callendar  and  Dickson  methods.  The  table 
[here  omitted]  gives  the  results  for  seven  thermometers,  viz., 
two  of  platinum,  one  of  gold,  silver,  copper,  and  iron,  and  one 
of  platinum-rhodium  alloy.  Of  these  the  lowest  boiling  point 
for  hydrogen  was  given  by  the  gold  thermometer.  Next  to  it 
came  one  of  the  platinum  thermometers,  and  then  silver,  while 
copper  and  the  iron  differ  from  the  gold  value  by  26  and  32 
decrees  respectively.  The  gold  thermometer  would  make  the 
boding  point  23^*5  instead  of  the  20^*5  given  by  the  gas  ther- 
mometer. Then  the  reduction  of  temperature  under  exhaus- 
tion amounts  to  only  1°  instead  of  4^  as  given  by  the  gas 
thermometer.  The  extraordinary  reduction  in  resistance  of 
some  of  the  metals  at  the  boiling  point  of  hydrogen  is  very 
remarkable.  Thus  copper  has  only  l/105th,  gold  l/30th,  plati- 
num l/35th  to  l/17th,  silver  l/24th  the  resistance  at  melting 
ice,  whereas  iron  is  only  reduced  to  l/8th  part  of  the  same 
initial  resistance.  The  real  law  correlating  electric  resistance 
and  temperature  within  the  limits  we  are  considering  is 
unknown,  and  no  thermometer  of  this  kind  can  be  relied  on  for 
giving  accurate  temj^eratures  up  to  and  below  the  boiling  point 
of  hydrogen.  Tlie  curves  are  discussed  in  the  paper,  and  I 
am  indebted  to  Mr.  J.  H.  D.  Dickinson  and  Mr.  J.  E.  Petavel 
for  help  in  .this  part  of  the  work. 

Helium  separated  from  the  gas  of  the  King's  Well,  Bath, 
and  purified  by  passing  through  a  U-tube  immersed  in  liquid 
hydrogen,  was  filled  directly  into  the  ordinary  form  of  Cailletet 
gas  receiver  used  with  his  apparatus,  and  subjected  to  a  pres- 
sure of  80  atmospheres,  while  a  portion  of  the  narrow  part  of 
the  glass  tube  was  immersed  in  liquid  hvdrogen.     On  sudden 
expansion  from  this  pressure  to  atmospheric  pressure  a  mist 
from  the  production  of  some  solid  body  was  clearly  visible. 
After  several  compressions  and  expansions,  the  end   of  the 
tube  contained  a  small  amount  of  a  solid  body  that  passed 
directly  into  gas  when  the  liquid  hydrogen  was  removed  and 
the  tube  kept  in  the  vapor  of   hydrogen  above  the  liquid. 
On    lowering   the   temperature   of    the    liquid   hydrogen  by 
exhaustion  to  its  melting  point,  which  is  about  16°  absolute, 
and  repeating  the  expansions  on  the  gas  from  which  the  solid 
had  separated  by  the  previous  expansions  at  the  boiling  point 
or  20°'5,  no  mist  was  seen.     From  this  it  appears  the  mist  was 
caused  by  some  other  material  than  helium,  in  all  probabilitj 
neon,  and  when  the  latter  is  removed  no  mist  is  seen,  when 
the  gas  is  expanded  from  80  to  100  atmospheres,  even  although 
the  tube  is  surrounded  with  solid   hydrogen.     From  experi- 
ments made  on  hydrogen  that  had  been  similarly  purified  like 
the  helium  and  used  in  the  same  apparatus,  it  appears  a  mist 
can  be  seen  in  hydrogen  (under  the  same  conditions  of  expan- 
sion as  applied  to  the  helium  samj)le  of  gas)  when  the  initial 
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temperature  of  the  expanding  ga8  was  twice  the  critical  tem- 
perature, but  it  was  not  visible  wlien  the  initial  tempemture 
was  about  two  and  a-half  times  the  critical  temperature.  This 
experience  applied  to  interpret  the  helium  experiments,  would 
make  the  critical  temperature  of  the  gas  under  9°  absolute. 

Olszewski  in  his  experiments  expanded  helium  from  about 
seven  times  the  critical  temperature  under  a  pressure  of  125 
atmospheres.  If  the  temperature  is  calculated  from  the  adia- 
batic  expansion  starting  at  21°  absolute^  an  effective  expansion 
of  only  20  to  1  would  reach  ()°-3,  and  10  to  1  of  8°-3.  It  is 
now.  safe  to  say,  helium  has  been  really  cooled  to  9°  or  10° 
absolute  w^ithout  any  appearance  of  liciuefaction.  There  is 
one  point,  however,  that  must  be  considered,  and  that  is  the 
small  refractivity  of  helium  as  compared  to  hydrogen,  which, 
as  Lord  Ilayleigh  has  shown,  is  not  more  than  one-fourth  the 
latter  gas.  Now  as  the  liquid  refractivities  are  substantially 
in  the  same  ratio  as  the  gaseous  refract iv it ie«  in  the  case  of 
hydrogen  aiul  oxygen,  and  the  refractive  index  of  liquid 
hydrogen  is  about  1*12,  then  the  value  for  licjuid  helium 
should  be  about  1*03,  both  taken  at  their  respective  boiling 
IK>int8.  In  other  words,  licjuid  helium  at  its  boiling  point 
would  have  a  refractive  index  of  about  the  same  value  as 
liquid  hydrogen  at  its  critical  point,  and  a^  a  consecjuence, 
small  drops  of  liquid  helium  forming  in  the  gas  near  its  criti- 
cal ]X)int  would  be  far  more  ditHcult  to  see  than  in  the  case 
of  hydrogen  similarly  situated. 

The  hope  of  being  able  to  licjuefy  helium,  which  would 
appear  to  have  a  boiling  point  of  about  5°  absolute,  or  one- 
fourth  that  of  liquid  hydrogen,  is  dependent  on  subjecting 
helium  to  the  same  process  that  succeeds  with  hydrogen;  only 
instead  of  using  liquid  air  under  exhaustion  as  the  j)rimary 
cooling  agent,  li(|uid  hydrogen  under  exhaustion  must  be 
3niployed,  and  the  resulting  li(juid  collected  in  vacuum  vessels 
iurroutided  with  licjuid  hydrogen.  The  following  table  em- 
K>die8  the  results  of  exj)erience  and  theory: — 

T    i.  1  *  .  Initial  Critical  „  ...  . 

Initial  temi,erature.  temperature,     temperature,     foiling  points. 

.iquid  helium? 5^?  2**?  V't 

k>nd   hydrogen 16  G  4 

.iquid        •' 20  8  5  (Ho?) 

exhausted  liquid  air.. u 75  30  20(H) 

62"  (J 325  130  8(»(Air) 

x>w  Red  Heat 750  304  195  (CO,) 

The  first  column  gives  the  initial  temperature  ])efore  con- 

iniions  expansion  through  a  generator,  the  second  the  critical 

)oint  of  the  gas  that  can  be  liquetied   under  such  conditions, 

md  tlie  third  the  boiling  point  of  the  resulting  liquid.     It  will 
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be  seen  that  hy  the  use  of  liquid  or  solid  hydrof^en  an  a  celling 
agent  we  ought  to  he  ahle  to  li<|uefy  a  body  liaving  a  critical 
point  of  about  i\°  to  8*^  absohite  and  boiling  point  of  abont  4° 
or  5°  absolute.  Then,  if  li^jnid  helium  could  be  produced 
with  the  probable  boiling  point  of  5°  absohite,  this  substance 
would  not  enable  us  to  reach  the  zero  of  tcnii>eratnre ;  another 
gas  must  be  found  that  is  as  much  more  volatile  than  helium 
as  it  is  than  hydrogen  in  order  to  reach  within  I*'  of  the  zero 
of  temperature.  If  the  helium  group  comprises  a  siil>stanc« 
having  the  atomic  weight  2,  (♦r  half  that  of  heliani,  such  a 
gas  would  bring  us  nearer  the  desired  goal.  In  the  meantime 
the  production  of  liipiid  helium  is  a  difficult  and  expensive 
enough  problem  to  long  occu])y  the  scientific  world. 

A  number  of  miscellaneous  observations  have  been  maile  iu 
the  course  of  this  in([uirv,  among  which  the  following  may  be 
mentioned.     Thus  the  great  incrcjise  of  phosphorescence  in  the 
case  of  organic  bodies  cooled  to  the  boiling  point  of  hydrogen 
under  light  stimulation  is  very  marked,  when  compared  with 
the  same  effects  brought  about  by  the  use  of  liquid  air.     A 
body  like  sulj)hide  of  zinc  cooled  to  21°  al>solute  and  exposed 
to  light  shows  brilliant  phosphorescence  on  the  temi)erature 
being  allowed  to  rise.     IJodies  like  radium  that  exhibit  self- 
luminosity    in    the  dark,  cooled  in  li(]nid  hydrogen    maintain 
their   luminosity    unim[)aired.       Photographic   acticm    is  still 
active  although  it  is  reduced  to  aliout  half  the  intensity  it  bears 
at  the  tem|>erature  of  licjuid  air.     Some  crystals  when  placed 
in  li([uid  hydrogen  become  for  a  time  self-luminous,  on  account 
of  the  high  electric  stimulation  brought  about  by  the  cooling 
causing  actual  electric  discharges   between   the  crystal  mole- 
cules.     This  is  very  marked  with   some   platino-cyanides  and 
nitrate  of  uranium.     Even   cooling  such  crystals  to  the  tem- 
perature of  li<|uid  air  is  suflicient  to  develop  marked  electrical 
and  luminous  effects.     Considering  that  both  liquid  hydrogen 
and  air  are  highly  insulating  li(}uids,  the  fact  of  electric  dis- 
charges taking  ])la<!e    under  su<*h   conditions  proves  that  the 
electrical  ])otential  genenite<l  by  the  cooling  must  be  very  high. 
When   the   cooled   crystal   is  taken   out  of  either  liquid  and 
allowed  to  increase  in  temj)erature,  the  luminosity  ana  electric 
discharges  take  place  again   during  the  return  to  the  normal 
temperature.     A  crystal  of  nitrate  of  uranium  gets  so  highlj 
charged  electrically  that,  although  its  density  is  2*8  and  that  of 
li<jui(l  air  alxnit  1,  it  refuses  to  sink,  sticking  to  the  side  of  the 
vacuum  vessel  and  recjuiring  a  marked  pull  on  a  silk  thread, 
to  which  it  is  attached,  to  displace  it.     Such  a  cr^'stal  rapidly 
renu)ves  cloudiness   from    licjuid   air   by  attracting  suspended 
])articles  to  its  surfaire.     The  study  of  [)vro-electricity  at  low 
temperatures  will  solve  some  very  important  problems. 
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1.  Magnetic  effect  of  Electrical  Convection, — The  magnetic 
effect  produced  by  the  motion  of  an  electrified  body,  first  proved 
by  Rowland  in  1876,  and,  though  questioned  by  Cremieu,  since 
then  repeatedly  confirmed  (see  the  article  by  Edwin  P.  Adams  in 
the  present  number,  pp.  155-167,  of  this  Journal),  has  been  also 
established  by  Hakolp  Pender  at  the  Johns  Hopkins  Physical 
Laboratory.  An  account  of  his  experiments  is  given  in  a  recent 
issue  of  the  Johns  Hopkins  University  Circular  (No.  152,  May- 
June,  19(»1).  The  method  of  Cremieu,  which,  however,  gave  him 
negative  results,  was  employed.  To  produce  the  convection,  two 
micanitr  discs  (diam.  30  cm.)  gilded  on  both  sides  and  charged 
from  a  Voss  machine  and  battery  of  six  gallon  Ley  den  jars,  were 
driven  at  a  speed  of  75  to  100  revolutions  per  second.  An  inter- 
rupter made  it  possible  to  reverse  the  charge  12  to  25  times  ))er 
second.  Earth-connected  condensing  plates  were  fixed  opposite 
each  face  of  each  disc  and  one  centimeter  distant.  J3etween  the 
two  inside  condensing  plates  was  suspended  a  coil  of  1205  turns 
of  No.  21  copjMjr  wire  connected  through  a  commutating  device 
witb  an  extremely  delicate  astatic  galvanometer.  The  coil,  cir- 
cuit, and  jjalVanometer  were  enclosed  in  earth-connected  metallic 
shields.  The  arrangement  of  the  commutator  was  such  that  the 
alternating  current  induced  in  the  coil  by  tlic  reversal  of  charge 
in  the  rotating  discs  gave  a  steady  deflection  of  the  galvanometer. 

The  apparatus  was  used  in  two  ways:  {a)  the  two  discs  were 
rotated  in  the  same  direction  and  at  any  instant  charged  alike; 
and  (b)  the  discs  were  rotated  in  opposite  directions  and  charged 
oppositely  at  any  instant ;  of  these,  the  second  method  gave 
Headier  deflections  and  was  used  more  frequently.  The  direction 
»f  deflection,  repeatedly  tested,  was  found,  as  expected,  to  be 
dways  in  accordance  with  AmporeV  rule,  i.  e.,  the  motion  of  a 
positive  charge  always  produced  the  same  eflect  as  that  of  a  con- 
duction current  flowing  in  the  direction  of  motion  of  the  charge. 

The  quantitative  results  are  discussed,  as  follows:  "The 
strength  of  a  convection-current  is  defined  as  the  (juantity  of 
jlectricity  carried  convectively  past  any  point  in  unit  time. 
3n  tbe  assumption  that  a  convection-current  is  magnetically 
equivalent  to  a  conduction-current  of  the  same  strength,  the 
jorrent  induced  in  the  suspended  coil  on  reversing  the  sign  of 
jlectritication  of  the  discs  can  be  readily  calculated  from  the 
itmensions  of  the  apparatus  and  the  difference  of  potential 
>etwecn  the  discs  and  plates.  This  calculated  value  of  the 
mrrent  can  then  be  compared  with  tlie  observed  value  as  deduced 
rom  the  deflection  of  the  galvanometer.  The  formula  for  the 
^Iculated  value  of  the  current  involves  the  ratio  of  the  two 
lystems  of  electnc  units,  so  that  instead  of  comparing  directly 
;be  observed  and  calculated  values  of  the  current  the  two  can  be 
equated  and  the  value  of  the  ratio  v  thus  determined.  The  value 
>f  this  ratio  thus  found  is  a  test  for  the  accuracy  of  the  assump- 
ion  that  a  convection-current  is   equivalent   magnetically  to  a 
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conduction-current.  From  17  sets  of  observations,  each  set  con- 
sisting of  18  separate  determinations  of  the  deflection  and  the 
other  quantities  involved,  the  mean  value  of  v  thus  found  was 
8  05X10",  the  determinations  which  diflPered  from  this  the  most 
being  a^SXlO'"  and  3*24X10",  respectively.  The  value  of  this 
constant  is  known  to  be  3*00  X  10"."  Similar  results  were 
obtained  when  discs  and  condensing  plates  were  divided  each 
into  six  sectors  by  radial  scratches,  thus  showing  that  the  effect 
observed  was  not  due  to  conduction-currents  in  their  surfaces. 

To  prove,  liirther,  that  the  deflection  observed  was  actually  due 
to  the  magnetic  action  of  the  rotating  charged  discs,  a  further 
experiment  was  tried.  The  discs  were  rotated  in  the  same  direc- 
tion and  at  any  instant  charged  oppositely;  and,  again,  rotated 
in  opposite  directions  and  at  any  instant  charged  alike.  Their 
magnetic  eff'ects  on  the  coil  should  then  annul  one  another  pro- 
vided the  two  discs  rotated  with  the  same  speed,  and  this  was 
the  result  obtained.  For  example,  when  the  two  discs  were 
rotating  in  same  direction  with  speeds  of  —86 '9  and  —  88*8 
revolutions  per  second,  respectively,  and  charged  alike,  the 
observed  deflection  was  —66*2;  when  they  were  rotating  oppo- 
sitely under  the  same  conditions,  with  speeds  4- 88*0  and  —89*6, 
the  observed  deflection  was  — 1*0. 

It  is  concluded,  therefore,  that  the  results  obtained  "  show 
beyond  any  doubt  that  electrical  convection  does  produce  magnetic 
action,  or,  more  exactly,  that  when  the  sign  of  electrification  of  a 
moving  charged  body  is  changed,  an  electric  conduction-current 
is  induced  in  a  neighboring  circuit,  of  a  strength  equal  to  that 
which  would  be  induced  in  this  circuit  by  reversing  the  direction 
of  a  conduction-current  in  a  circuit  coinciding  with  the  path  of 
the  convection-current.? 

2.  Atnerican  Association  for  the  Advancement  of  Science.-^ 
The  fifiieth  annual  nieetinsc  of  the  American  Association  will  be 
held  in  Denver,  August  24  to  31.  Professor  C.  G.  Minot  of 
Cambridge  will  preside  as  President.  The  address  of  the  Perma- 
nent Secretary,  Mr.  L.  O.  Howard,  is  Washington,  D.  C.  (Cosmos 
Club)  until  Aug.  15,  after  that,  Brown  Palace  Hotel,  Denver. 
Information  in  regard  to  transportation,  hotel  accommodation, 
etc.,  may  be  obtained  from  the  Local  Secretary,  Mr.  Arthur 
Williams,  Chamber  of  Commerce,  Denver. 

OHITUARY. 

Dr.  Joseph  LkConte,  Professor  of  Geology  an<l  Natural  His- 
tory at  the  Tniversity  of  California,  died  on  July  6,  at  the  age  of 
seventy-eiglit  years.     A  notice  is  deferred  until  another  number. 

Professor  Peter  Guthrie  Tait,  the  distinguished  Scotch 
mathematicijin  and  physicist,  died  on  July  4,  at  the  age  of  sev- 
enty years.  Ho  had  held  the  chair  of  Natural  Philosophy  in  the 
irniversity  of  F^dinburgli  since  18G0.  His  original  contributions, 
chiefly  in  mathematical  pliysics,  were  numerous  and  important; 
lie  was  also  a  lucid  and  suggestive  writer  in  his  treatment  of 
scientific  subjects  from  the  popular  standpoint. 
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Art.  XVIII. — The  Discharge-current  from  a  Surface  d'large 
Curvature;  by  John  E.  ALMY,Ph.D.,  Instructor  in  Fhyeics, 
Univeraity  of  Nebraska,  Lincoln. 

1.  The  discbarge  of  electricity  from  a  snrface  of  large 
curvature  has  been  studied  by  Warburg,*  and  others. f  Inas- 
much as  the  natare  and  form  of 
the  discharging  surface,  when  a 
point,  or  pointed  wire,  is  used,  is 
necessarily  more  or  lees  prob- 
lematic, it  seemed  of  interest  to 
study  the  discliarge  from  a  fine 
wire  of  uniform  dimension. 

The  discbarge  from  a  platinum 
wire  of  very  small  size  to  a  con- 
centric, circular  cylinder  has  been 
the  subject  of  study. 

2.  Tne  dischar^  apparatus  is 
shown  in  fig.  1.  The  brass  cylin- 
der, C,  cemented  to  the  glass 
plate,  is  further  insulated  by  the 
supports  of  sealing-wax,  s,  s. 
The  discharge  wire,  passing 
through  the  capillary  tube,  T, 
embedded  in  paratSu,  bangs  ver- 
tically, stretched  by  the  weight 
of  a  short  piece  of  tube,  T',  in 
which  its  lower  end  is  embedded. 
ParaflBu  discs,  D,  D',  serve  to 
laeep  the  wire  at  the  center  of 
the  cylinder.   The  gas  is  removed 

•  Warbu^,  Wied.  Ann.,  btvii,  p.  92 
f  SievekJDg,  Ann.  d.  Physili,  (4),  i,  p 
Ak.  Jouk.  Sol— Fourth  Sebibs,  Vol.  ZII,  No.  69.— Sipteuber,  1301. 
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id  supplied  by  tubes  P  and 
inn.  d.  PlijB.  (1),  li,  p.  395. 
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p.  The  cork,  S,  which  closed  the  upper  end  of  the  cylinder,  was 
coated  with  sealing-wax,  surface-leaxage,  even  when  the  glass 
tube  became  coated  with  moisture,  being  thus  prevented. 

The  electric  connections  are  sketched  in  fig.  2.  W,  a  Wims- 
hurst  machine,  was  driven  by  a  small  motor.  A  galvanometer 
(D'Arsonval),  G,  measured  the  discharge  current ;  potential  dit 
lerences  between  wire  and  cylinder  were  read  on  a  'Braun,'- 
later  a  Kelvin,  '  vertical,'  voltmeter,  V.  Potential  differencee 
were  regulated  by  a  fine  discharge-point  shunting  the  poles  of 
the  Wimshurst. 

As  air,  which  was  the  gas  used  throughout  the  first  portion 
of  the  observations,  shows  some  deterioration  with  use,  when 
the  discharge  current  attains  to  a  measurable  value  (bj 
"  deterioration  "  is  meant  a  decrease  of  its  capacity  to  carry 
on  the  discharge),  fresh,  dried,  gas  was  continuously  drawn 
through  the  discharge  apparatus.  « 

As  only  relativity  was  wished  for,  the  voltmeter  and  galva- 
nometer were  not  standardized ;  nor  were  the  variations  of 
atmospheric  pressure,  from  day  to  day,  noted. 

Observations. 

3.  First,  the  proportionality  of  total  discharge  to  length  of 
the  discharge  wire  was  tested.     It  was  found,  that  so  long  as 


the  length  of  wire  is  greater  than  the  diameter  of  the  cylinder, 
and  with  the  paraffin  discs  restricting  the  volume  of  the  gw 
which  takes  part  in  the  discharge  to  the  solid  cylinder  of  the 
length  of  the  wire,  the  current  is  directly  proportional  to  the 
length  of  the  wire,  with  a  given  applied  potential,  and  the 
minimum  potential  diflference  that  will  produce  measurable 
discharge  current  is  independent  of  the  length  of  the  wire. 
In  case  short  lengths  (as  compared  to  cylinder  diameter) 
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were  used, 
tionality  no 
A  seiioB 
given : 


or  the  discs  were  dispensed  with,  exact  propor- 

longer  holds. 

of  observations  illnstrating  this  proportionality  are 


Table  I. 
Values  of  the  quotieDt. 


Potentials. 
14 
16 
18 
20 
22 
•  24 
26 

Diameter  of  cylinder,  9*4 


L  =  31«°». 

16-7 
36-1 
60-6 
90-0 
120- 


L  =  a5«». 

16*7 

35-4 

59-3 

90-2 
118-2 
160- 


Current. 
L  =  ISC™. 

17-3 

36-6 

60-6 

92-6 
122- 
162- 
214- 


Wire  length. 
L  =s  lO*" 

16-0 

34- 

60- 

88- 
120- 
163- 
216- 


cm 


Diameter  of  wire,  0*0047 


cm 


4.  The  relation  holding  between  the  applied  potential  and 
the  resulting  discharge  current  is  found  to  be  expressed  by  the 
quadratic : 

I=:aLV(V-6) 

I,  Y,  and  L,  having  the  usual  significance,  and  a  and  i  are 
constants,  depending  upon  the  cylinder,  wire,  and  gas.  The 
constant  h  is  found  to  approximate,  more  or  less  closely,  to  the 
"  minimum-potential "  of  Rontgen,  i.  e.,  the  least  potential 
which  will  give  the  measureable  discharge. 

This  law  was  found  applicable  for  cylinders  of  diameters, 
from  2  to  10^,  giving  agreement  within  errors  of  observation, 
except  for  potentials  which  differed  only  very  slightly  from 
the  "  minimum  potential."  Even  after  the  gas  hacTbeen  used 
for  a  considerable  time  without  renewal  and  also  at  widely 
varying  pressures  (from  20  to  80^  of  mercury)  the  relation 
between  current  and  potential  remains  similar,  with,  naturally, 
different  constants.  As  illustration  I  cite  a  series,  taken  at 
random  from  the  considerable  number  of  observations  made  : 


Table  II. 

V 

I 

V 

I 

rary  units.) 

(calc.) 

(observ.) 

(of  cylinder.)        (calc.) 

(obs. 

13 

13-7 

17-0 

—14              16-3 

17- 

14 

26-6 

27- 

•       —16             36-2 

36- 

16 

56- 

65- 

—  18              62- 

61- 

18 

92- 

92- 

—20              92- 

92- 

20 

135- 

138- 

—22     .       126- 

122- 

22 

]84- 

186- 

—  24            166- 

162- 

24 

240- 

240- 

—26            210- 

206- 

26 

313- 

320- 

—  28            260- 

257- 

a  =  -643 

;6  = 

11-7. 

—30            313- 
a  =  -389  ;  b  = 

315- 
12-15. 
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Length  of  wire,  15^ ;  diameter,  0  0047*^ ;  diameter  of 
cylinder,  9-4*^"* ;  pressure  of  the  gas  (air),  74*7*^  of  Hg.  Tlie 
variation  of  the  constants,  a,  ana  6,  when  the  sign  of  the  dis- 
charge is  reversed,  is,  in  the  case  of  air,  not  large ;  bnt  in  case 
hydrogen  is  used  a  very  large  diflference  exists. 

The  equation  given  above  seems  applicable  to  the  discharge 
under  all  the  various  conditions  of  the  gas.  Even  after  tne 
gas  had  suffered  any  amount  of  "  deterioration,"  so  that  the 
discharge  that  passed  was  decidedly  less,  the  relation  between 
potential  and  current  still  exists, — with  different  values  for  the 
constants,  a  and  h. 

5.  The  applicability  of  this  relation  at  widely  different  gas 
pressures  (varying  from  20^"  to  80''°'  of  Hg.)  was  also  eistab- 
lished.  The  variation  of  the  discharge  current,  with  gas  pres- 
sure, for  a  given  apparatus,  does  not  seem  capable  of  any 
simple  formulation.  It  seems  probable  that  this  was  due  to  a 
difference  in  the  rate  and  extent  of  the  deterioration  of  the  gas 
at  the  different  pressures,  so  that  the  constants  obtained  repre- 
sent different  conditions  of  the  gas,  beside  differences  of  pres- 
sure.    The  constants  obtained  are  : 


Pressure. 

a. 

h. 

20-'^°'  of  Hg. 
40-     **        " 
75-     "       " 

3-55 

1-05 

•55— -65 

3-20 
8-53 
11-7— 12-2 

The  dimensions  of  the  apparatus  were  those  given  in  the  pre- 
ceding section. 

6.  For  determination  of  the  law  of  the  variation  of  current 
with  the  radius  of  the  cylinder,  three  cylinders  of  suitably  dif- 
ferent radii,  with  discharge  wires  of  the  same  size  and  length, 
were  mounted  as  the  one  used  heretofore.  Hydrogen,  gen- 
erated from  hydrochloric  acid  with  zinc,  purified  and  dried  by 
the  usual  process,  was  passed  into  the  cylinders  in  place  of  air, 
as  this  gas  shows  less  rapid  deterioration  with  continued  use. 
Still,  under  the  most  favorable  conditions  that  coulc^  be 
obtained,  the  current  given  by  a  certain  potential  was  subject 
to  considerable  variation. 

It  was  found  that  to  a  certain  degree  of  approximation,  the 
total  discharge  current  is  inversely  proportional  to  the  cube  of 
the  radius  of  the  cylinder,  other  dimensions  being  the  same. 
It  is  to  be  noticed  that  this  relation  holds  most  accurately 
when  the  current  in  the  cylinders  compared  is  of  the  same 
order  of  magnitude.  It  seems  probable  that  the  deviation 
which  occurs  when  the  current  in  one  tube  is  large  compared 
to  that  in  the  other  may  be  due  to  more  rapid  deterioration  of 
the  gas  with  increased  discharge ;  in  fact,  the  deviation  is 
always  most  pronounced  when  tlie  discharge  is  largest  in  both 
tubes. 


Surface  of  large  Curvature. 
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A  typical  series  of  observations  is  given  below :  the  lengths 
bf  the  discharge  wires  were  each  10"°  ;  the  radii  of  the  cylin- 
ders were  5-0°",  3*2^  and  1-5°°  respectively  ;  that  of  the  dis- 
charge wire  was  0-0034*^. 

TA3LB  III. 


Applied 
potentials, 
in 
volts. 

II 

for 

r  =  6-0. 

Current 

I. 

for 

r  =  3-2. 

I. 

for 

r=l-5. 

Bat 
I. 

;Los. 

Is 

U 

3500 

4-0 

16-0 

152- 

4-0 

9-5 

3800 

«  «  «  w 

24- 

200- 

m    ^    ^    m 

8-3 

4000 

9-0 

36- 

290- 

4-0 

8-0 

4500 

19^ 

74- 

480- 

3-9 

6-5 

5000 

31- 

118- 

M      »       »      S 

8-8 

•  •  •  • 

5500 

65- 

189- 



3-4 

3-82 


8-1 


Mean  values, 

The  ratios  /"//r,*  and  r*/r*  have  the  values  3*8  and  9*7, 
respectively.  The  variations  obtained  were  usually  within  the 
limit  of  those  shown  in  this  series. 

7.  In  r6suHi6,  then,  it  has  been  found  that  the  current  dis- 
charging from  a  fine  wire  to  a  concentric  surrounding  cylinder 
is  given  by  the  equation, — 

where, 

I  =  the  discharge  current 

V=  the  potential  difference  between  wire  and  cylinder 

L  ;=  length  of  the  discharge  wire 

r  =:  radius  of  the  cylinder 

b  z=  the  minimum  potential  necessary  to  produce  a  meas- 
urable discharge, 
and,  a  =  a  constant  depending  upon  the  size  of  the  wire,  t  the 
discharging  gas,  and  the  sign  of  the  discharge. 

Pbjaical  Laboratory, 
TTniversity  of  Nebraska,  May,  1901. 
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Art.  XIX.  —  On  OctaJiedrite  and  Brookiie^  from  BrindU- 
town^  NoHh  Carolina ;  by  H.  H.  Kobinson. 

The  two  minerals  described  in  this  article  were  kindly  sent 
to  Prof.  S.  L.  Penfield  by  Mr.  W.  E.  Hidden,  and  are  from  the 
original  locality  on  the  north  slope  of  Pilot  Mountain  near 
Brmdletown,  ^ourke  County,  North  Carolina,  discovered  by  him 
in  1879.*  They  occur,  according  to  Mr.  Hidden,  in  detached 
crystals  scattered  through  the  gold-bearing  gravels  of  the  dis- 
trict, having  been  derived  from  the  disintegration  of  the  local 
schists.  As  accompanying  minerals,  are  mentioned  zircon, 
monazite,  xenotime,  samarskite,  fergusonite,  and  many  others. 

It  was  thought  that  brief  descriptions,  with  figures,  of  these 
two  minerals  would  be  of  interest  both  because  of  their  rare 
occurrence  in  the  United  States  and  because  no  careful  investi- 
gation of  the  crystals  from  this  locality  seems  to  have  been 
made. 

1.   Octahedrite. 

The  crystals  studied  vary  in  size  from  2  to  5°^  in  diameter 
on  the  horizontal  axes  and  from  0*50  to  1'25°"*  in  thickness. 
The  larger  ones  are  of  a  deep  bluish-black  color  and  then  they 
possess  a  metallic-adamantine  luster,  while  a  smaller  one  is 
quite  colorless.  Under  the  microscope,  the  color  is  seen  to  be 
due  to  a  dark  pigment  which  entirely  pervades  some  crystals, 
while  in  others  transparent  spots  are  left,  around  the  borders 
of  which  the  pigment  gradually  fades  out.  A  small  transpar- 
ent crystal,  representing  a  section  perpendicular  to  the  vertical 
axis,  was  dark  in  all  positions  between  crossed  nicolsi  In  con- 
verging polarized  lignt,  however,  it  was  seen  that  the  mineral 
was  not  perfectly  uniaxial,  as  the  axes  of  the  interference  figure 
opened  slightly  on  revolving  the  section. 

In  habit  the  crystals  are  tabular  owing  to  the  prominent 
development  of  the  basal  pinacoid,  c  (001).  This  Mr.  Hidden 
mentions  as  being  the  common  habit.  The  simplest  crystal 
examined  consists  of  the  forms  c  (001),  e  (101),  x  (103),  and 
V  (111),  and  is  shown  by  figures  la  and  Ih  ;  oi  these,  la  is  a 
norizontal  projection  (on  c)  and  15  shows  the  crystal  in  the 
usual  perspective.t     In  figures  2/z  and  26  a  slightly  more  com- 

♦  This  Journal  (3).  xxi,  160,  1881. 

f  In  this  article  the  method  has  been  adopted  of  giving  with  each  clinographic 
drawing  of  the  crystals  a  plan,  which  represents  a  true  horizontal  projectioQ  of 
the  lower  figure.  In  most  cases  the  drawing  of  such  a  plan  greatly  facilitates 
the  construction  of  the  customary  crystal  figure,  giving  a  complete  control  over  it, 
and  the  two  figures  taken  together  give  a  better  idea  of  the  crystal  shape  than 
either  one  alone.  Since  there  exists  the  closest  relationship  between  the  two 
figures,  it  has  been  considered  advisable  to  represent  them  in  the  position  in 
which  they  are  drawn.  Accordingly  each  plan  is  shown  as  revolved  a  certain 
angle  (18^  260  iTom  a  horizontal  position. 
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fJex  combinatioD  is  represented  with  two  additional  faces,  o 
107)  and  v  (117).    These  two  figures  show  all  the  prominent 
forms  as  well  as  their  relative  development 
The  complete  list  of  faces  observed  is  as  follows : 

c  (001) 

6(101) 
X  (103) 

The  errors  in  the  measured  valaes  of  the  above  faces  as  com- 
pared with  the  values  given  by  Dana*  range  from  V  to  10\ 
the  average  being  3^'.  Though  most  of  the  faces  give  rather 
poor  reflections,  the  measarements  are  all  close  enough  to 
clearly  establish  their  identity. 


0  (107) 

y (902) 

V  (1-1-28) 

(?(301) 

p(U\) 

p  (1-1-40) 

t^  (5-0-19) 

v(ii:) 

\(a). 


2(a) 


(b) 


The  form  v  (1-1-28)  was  first  observed  by  Seligmann,t  who 
identified  it  with  but  moderate  certainty,  owing  to  the  poor 
development  of  .the  faces  on  the  crystals  examined  by  nim. 
The  angles  measured  on  two  of  these  crystals  leave  no  doubt  as 
to  the  correctness  of  the  indices  established  by  him,  as  is  shown 
by  the  following : 


C/^Vy 


The  above  measurements  and  the  fact  that  the  face  lies  in 
the  zone  c^^p  are  sufficient  to  establish  the  identity  of  this 

*  Sytrtem  of  Mineralogy,  6th  ed.,  1892,  240. 
f  Zs.  Kr.,  ii,  337,  1886. 


Galcnlated. 

Measured  (I). 

Average. 

Ueasured  (II). 

Average. 

6**  7|'. 

5°     3' 

5°  10' 

5°  11' 

5    12 

S'Vf 

5     12 

5      8 

182 


Bohinson — Octahedrite  and  Broohite. 


form.  The  faces  are  all  of  small  size,  yet  the  measurements 
frpm  five  give  an  average  error  of  but  IJ'.  On  one  crystal 
three  oat  of  the  possible  foar  forms  were  observed  at  one 
extremity,  on  a  second  only  two. 

2.  Brookite. 

Five  crystals  of  this  mineral  were  examined  and  they  are  of 
special  interest  because  they  possess  a  habit  qaite  different 
from  that  ordinarily  observed. 

The  habit  of  all  the  crystals  is  prismatic.  Their  develop- 
ment on  the  a  and  i  axes  is  well  shown  in  the  plans  of  fignres 
3-6.  The  length  in  the  direction  of  the  vertical  axis  is  from 
four  to  six  times  their  greatest  width.  Being  relatively  so  long 
and  slender,  it  did  not  seem  best  to  represent  them  as  doubly 
terminated. 


5(a) 


Afa) 


The  unusual  feature  of  these  crystals  is  the  prominent  devel- 
opment of  the  pyramid  8  (322^.  This  form  was  first  observed 
by  Kokscharow*  as  a  very  small  face,  and  the  only  notice  of  its 
having  a  prominence  at  all  like  that  on  the  crystals  from  this 
locality  is  in  an  article  by  Streuver,  "  Sulla  Brookite  di  Buera 
neirOssola."t  The  habit  of  the  crystals  described  by  him  is, 
however,  quite  different  in  that  it  is  short  and  tabular  parallel 
to  a  (100),  the  proportion  between  the  width  and  thickness 
being  as  1 :  -J-. 

*  Vh.  Min.  Ges.,  St.  Petersburg,  1848-49. 
t  Proc.  R.  Ace.  d.  Line.  (4),  vi,  77.   1890. 
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Fieares  3a  and  Zb  ehow  the  simplest  type,  the  cryBtal  beiog 
terminated  by  the  single  pyramid  «  (322)  in  combinatioD  with  a 
small  baeal  pinacoid.  In  Dgnres  4a  and  4£,  e  (322)  is  in  combi- 
nation with  a  dome  y  (104)  and  a  much  larger  basal  plane. 
Fignrea  ha  and  5i  ahow  the  pyramids  e  (122)  and  z  (112),  which 
are  common  on  brookite,  aboat  eqasl  in  their  development  to 


a'.      I-    ' 


^(3SS).  The  pyramid  ^(5'4'10)isnew,  occurring,  as  shown,  as  a 
narrow  face  in  a  zone  with  e,  s,  and  x.  Of  the  domes,  y  (104) 
Sod  x(102)  are  common,  while  t  (101)  is  now.  IntignresOa 
^nd  65  the  general  habit  is  more  like  that  ordinarily  observed 
iQ  brookite,  the  domes  y,  x,  and  t,  and  the  pyramid  e  all 
being  common  forme.  The  pyramid  s.(322),  <t(324),  and 
v(326)  are  in  a  zone  and  a  (324)  is  new.  The  pyramid  v  (146) 
is  also  new.  In  the  prismatic  zone  a  (100),  m  (110),  and  ^(210) 
are  largely  developed,  while  a  (320)  and  k  (410)  are  present  as 
narrow  faces. 

All  the  crystals  are  of  small  size,  ranging  from  1-25  to  2-50""" 
ID  width,  0-75  to  I'TS""  in  thickness,  and  3  to  7™  in  length. 
Their  color  is  a  dark  reddish-brown  and  renders  them  too 
opaque  for  optical  examination  in  natnral  sections.  Vertical 
Etriations  on  the  prismatic  faces,  with  the  exception  of  m,  are 
always  very  marked,  giving  them  a  dull  luster.  The  terminal 
faces  are  all  somewhat  striated,  though  not  sufficiently  to 
greatly  injure  the  quality  of  the  larger  ones. 

The  faces  observed,  with  their  measurements  as  made  on  a 
two-circle  goniometer  and  their  calculated  values,  are  given  in 
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the  following  table.     The  scheme  is  that  of  Goldschmidt  as 
given  in  his  "  Krjstallographische  Winkeltabellen." 

Faces.  Measured.  Calculated.  Error. 

^                  P                   ^                P             f      9 
c    (001)  

a  (100)  89°  58'  89°  58'  90°    O'  90°    0'  2'     2' 

»w(110)  49    55  "     "  49    66  "  "  0      2 

a    (320)  60    60  "     "  60    42  «  "  8      2 

/   (210)  67    13  "     «  67    10  "  **  3      2 

k  (410)  77    62  "     **  78    07  **  "  16      2 

<?  (043)                       51    28            61  32  ..      4 

t    (021)                       62      0            62  06  ..      6 

y  (104)  89    57  15    37  90      0  16  40  3*3 

X  (102)  '*     "  29    15            "     "  29  18  3      3 

T   (101)  (new)         "     "  48    18           "     "  48  17^  3      Oj 

V  (146)        "  16    30i  33    23^  16    32j  33  18  2      5^ 
e  (122)  30    47  47    38  30    43  47  41  4      3 
z  (112)  49    53  36    12  49    56  36  16  2      3 
o  (111)  49    54  55    47  "      **  66  43  14 
fi  (5-4-10)  (new)  55    66  34    05^  56    03  34  04^  8      1 

V  (326)  00  43  32  44  60  42  32  46  11 
<7  (324)  (new)  60  46^  43  49  «  "  43  69  4^  10 
8   (322)  60    42  62    35  "      "  62  36  0      1 

Average  error,  3f   3 

In  calculating  the  values  of  the  four  new  forms  given  in  the 

foregoing  table  the  axial  ratio  of  a :  6 : «  =  0*84158 : 1 :  0*94439, 
as  determined  by  Kokscharow,*  was  used.  The  form  fi  (5'4'10) 
was  observed  on  one  crystal  (figure  5),  three  faces  being  pres- 
ent on  one  end  and  two  on  the  opposite,  out  of  a  possible  four 
in  each  case.  The  dome  r  (101)  was  observed  but  once  on  the 
same  crystal.  The  pyramids  a  (324)  and  v  (146)  were  observed 
on  but  one  crystal  (ngure  6),  the  first  form  being  represented 
by  two  and  the  second  by  three  faces. 

Sheffield  Laboratory  of  Mineralogy, 
Yale  University,  New  Haven,  Conn.,  May,  1901. 

*  Mineralogie  Russlands,  I,  61,  1853. 
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X.  —  On  the  Behavior  of  Small  doted  Cylinders  in 
Organ-pipes;  by  Bergen  Davis,  Ph.D. 

'^  experimentiii^  with  stationary  sound  waves  in  orfnui- 
le  following  striking  effect  was  obtained.  A  consider- 
mber  of  small  gelatine  capsnles,  sach  as  are  nsed  for 

purposes,   were  thrown  in  a  promiecnonB  pile  in  the 
'f  the  pipe,  and  when 
e  was  blown  so  as  to 

first  overtone  quite 
-,  the  small  cylinders 
ately  moved    to    the 

of  the  loop  of  the 
ry  wave  and  there 
]  themselves  in  rows 
he  pipe  as  shown  in 
ore.  The  spacing 
I  the  rows  was  qaite 
and  the  capsnles  acted 
;h  there  was  a  strong 
in  at  their  ends,  in  a 
aperpendicalar  to  the 
n,  and  a  repulsion  at 
les  in  a  direction  par- 
the  vibiiition. 

investigation  was 
ken  to  determine  the 
:  the  size  of  the  cyl- 
of  the  nnmber  of 
ad  of  the  amplitude 
ition,  upon  the  dis- 
letween  the  rows. 
stationary  wave  was 
oduced  in  a  stopped 
ipe  speaking  its  nrst 
e.  Th^i  side  of  the 
i  removed  and  a  glass 
ibstituted  for  it.  At 
e  nearest  the  mouth 
nbber  diaphragm  was 
icrosB  the  pipe,  which 
A  the  portion  back  of  the  diaphragm  from  disturbances 
from  blowing.  This  region  of  the  pipe,  from  the 
^m  to  the  stopped  end,  enclosed  one-half  of  the  sta- 
wave.  The  amplitude  of  vibration  was  measured  by 
{  the  force  acting  on  a  small  hollow  cylinder  closed  at 
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one  end,  as  was  described  by  the  writer  in  this  Journal.*  The 
torsion  balance  carrying  this  cylinder  was  placed  at  the  middle 
of  the  loop. 

The  small  cylinders  whose  spacing  in  the  sound  wave  was  to 
be  measured  were  of  two  kinds,  consisting  of  small  gelatine 
capsules  and  of  paper  tubes.  These  two  kinds  of  cylinders 
were  used  in  independent  series  of  experiments. 

Three  sizes  of  gelatine  capsules  were  used,  commercial  num- 
bers of  which  are  Nos.  00,  2  and  5. 

The  dimensions  in  centimeters  of  these  cylinders  are  given 
below. 

Length.  Diameter. 

No.  00 2-42  -83 

No.  2 1'75  -63 

No.  5 1-03  -48 

A  sufficient  number  of  one  of  the  above  sizes  of  capsules 
were  placed  in  the  organ-pipe  to  form  a  considerable  number 
of  rows.  In  order  to  obtain  a  desirable  amplitude  of  vibra- 
tion the  torsion  head  was  turned  from  the  zero  position  by  an 
amount  corresponding  to  a  desired  amplitude,  then  the  pres- 
sure of  blowing  was  increased  until  the  force  acting  on  the 
measuring  device  just  balanced  the  toreion  previously  given  to 
the  wire;  at  the  same  time  the  capsule  cylinders  arranged 
themselves  in  rows  across  the  pipe.  This  previous  setting  of 
the  torsion  head  enabled  me  to  reproduce  the  same  amplitude 
of  vibration  at  will. 

In  the  tables  below  are  given  the  average  distances  in  centi- 
meters between  the  rows  for  the  various  sizes,  with  increasing 
amplitudes  of  vibration.  The  amplitude  2A  is  here  used  to 
denote  the  total  excursion  of  the  vibrating  air  particles. 

No.  00.  Capsule  cylinders. 

Amplitudes.  Number  of  rows. 

/  ■  •* — >         t — — ^— -^^— * -^_— .— ^— — — ^ 

2A  2  3  6  10 

•39  4-  3-5  2-8  2*2 

•434  3-5  3-3  2-6  2-1 

•476  3-3  3-5  2*6  2*1 

•548  3^5  3-7  27  2-2 

No.  2.  Capsule  cylinders. 
Amplitudes.  Number  of  rows. 

2A  2  3  6  10 

•39  2-8  2-75  2^8  2* 

•434  2-4  2-5  2*65  1-96 

•476  2-5  2-5  2-65  2 

•548  2-5  2-5  2^45  2' 

*  This  Journal,  September,  1900. 
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No.  5.  Capsule  cylinders, 
4>n)plitude8.  Number  of  rows. 

2A  2*3  6  10 

•39  2-  2-75  2-4  1-9 

•434  rS  2-5  2^1  1^55 

•476  2-  2-1  2-1  1-6 

•548  2-  2^6  2-2  1-66 

The  most  striking  result  obtained  from  the  above  tables  is 
that  the  distances  between  rows  slightly  decrease  with  increas- 
ing amplitudes  of  vibration.  The  average  distance  between 
the  rows  decreases  in  general  as  the  number  of  rows  increases, 
excepting  in  the  case  of  the  smallest,  No.  5  cylinders,  in  which 
case  the  spacing  increased  when  three  and  six  rows  were  used. 
This  tendency  to  increase  with  these  particular  rows  is  also 
exhibited  by  the  No.  2  cylinders.  The  general  rule  may  also 
l>e  deduced,  that  the  larger  the  cylinders,  the  more  the  spacing 
decreases  with  the  number  of  rows,  as  will  be  evident  by  com- 
paring the  two-row  and  the  ten-row  columns  in  the  three 
tables.  At  the  higher  amplitudes  the  capsule  cylinders  were 
quite  violently  agitated,  as  though  the  position  of  the  loop  were 
somewhat  unsteady,  which  increased  the  difficulties  of  accurate 
measurement. 

The  corresponding  experiments  were  performed  with  paper 
cylinders  of  various  diameters.  Tliese  cylinders  were  each 
5.3011  ^jj  length  and  were  open  at  both  ends,  on  account  of  the 
circumstance  that  the  length  of  one  of  them  was  nearly  equal 
to  the  diameter  of  the  pipe.  Since  the  effect  to  be  observed 
was  a  result  of  the  forces  acting  at  the  sides  and  not  at  the 
ends,  the  open  ends  did  not  aflfect  the  experiment.  The  open 
ends  were  of  advantage  in  that  they  lessened  the  force  with 
which  the  cylinders  in  all  cases  adhered  to  the  walls  of  the 
pipe. 

The  diameters  of  these  cylinders  in  centimeters  are  given 
below : 

No.  1 -5 

No.  2 -71 

No.  3 1-00 

No.  4 1^4 

These  paper  cylinders  were  introduced  into  the  closed  cham- 
ber of  the  pipe  and  the  same  experiments  performed  as  with 
the  capsule  cylinders.  Each  cylinder  now  corresponds  to  a 
^ow  as  descrioed  in  the  previous  experiments.  The  same 
^niplitudes  of  vibration  were  retained  for  the  purpose  of  com- 
parison.    The  results  are  given  in  the  following  tables  : 
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No.  1.  Paper  eyfinden. 


Amplitudes. 

Number  of  rows. 

2A 

2 

3 

6 

10 

•39 

3-2 

3-2 

2-6 

2-1 

•434 

2-6 

3-2 

2  6 

1-9 

•476 

2^3 

8-2 

2-6 

1^9 

•548 

2-3 
No.  2. 

3^2 
Paper  cylinders. 

2-4 

1-9 

Amplitudes. 

Number  of  fx>W8. 

-»-,„.  _ , 

2A 

2 

3 

6 

10 

•39 

6-5 

3- 

2^7 

2^3 

•434 

6- 

3- 

2^8 

2-3 

•476 

6- 

3-2 

2-9 

2-2 

•548 

6- 
No.  8. 

3^2 
Paper  cylinders. 

2^8 

2-2 

Amplitudes. 

Number  of  rows. 

2A 

2 

3 

6 

10 

•39 

6- 

4^3 

3-9 

2- 

•434 

5-5 

4- 

3- 

2' 

•476     • 

5^ 

4^ 

• » •  • 

•  •  •  • 

•548 

5- 

No.  4. 

4' 

Paper  cylinders. 

"  *•  • " 

* "  • " 

Amplitudes. 

Number  of  rows. 

2A 

r 

2 

3 

6 

10 

•39 

7- 

5-5 

3  •a 

2'S 

•434 

6-5 

5- 

V     «     A    A 

•  •  V  « 

•476 

6-5 

w    w     «•    s 

*  «  *  M 

» •  •  • 

•548 

•    «    w   « 

Here  again  it  will  be  noticed  that  the  space  between  tbe 
cylinder  slightly  decreases  with  increasing  amplitudes  of 
vibration.  The  space  between  the  rows  decreases  as  the  nam- 
ber  of  rows  increase.  This  result  is  somewhat  different  from 
that  obtained  with  the  No.  2  and  No.  6  capsule-cjlinderSf 
while  the  same  result  was  obtained  as  with  the  large  No.  00 
capsule-cylinders.  The  blanks  in  the  columns  with  the  lai^ 
cylinders  when  several  rows  were  used,  are  due  to  the  fict 
that  the  tone  passed  over  into  the  next  overtone  before  the 
required  amplitude  was  reached.  This  was  probably  due  to 
the  effect  of  friction.  The  presence  of  so  much  obstruction 
tended  to  form  a  node  at  this  point,  which  is  near  the  natural 
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loeition  of  the  node  of  the  next  overtone.  When  this  over- 
)ne  occurred,  the  rows  woald  divide  into  two  portions, 
^hich  moved  toward  the  middles  of  the  two  loops  of  the 
ew  stationary  wave. 

A  striking  effect  was  obtained  by  placing  a  number  of  the 
mallest  capsale-cylinders  a  short  distance  from  the  node. 
Vhen  the  pipe  spoke,  they  immediately  ran  rapidly  to  the 
liddle  of  the  loop,  and  there  assumed  a  regular  arrangement. 

The  effects  described  in  this  paper  are  of  course  of  the  same 
ature  as  the  Eundt  dust  figures.  The  individual  capsule- 
blinders  may  be  considered  as  dust  particles  in  whicn  the 
ze  has  been  much  increased,  the  particles  still  remaining 
ght  enough  to  respond  readily  to  the  delicate  forces  to  which 
ley  are  subjected. 

Jrrof.  Rood  suggested  as  an  explanation  of  the  spacing  that 

sound-shadow  is  formed  on  the  two  sides  of  the  cylinders  at 
ich  half  vibration,  alternately.  These  shadows,  being  regions 
F  less  motion,  press  so  to  speak  against  the  cylinders.  When 
lere  are  two  rows  the  shadows  between  the  cylinders  press 
lem  apart  until  the  force  just  equals  that  pressing  against  the 
atside  or  nodal  sides  of  the  two  cylinders.  This  also  explains 
leir  rapid  movement  from  the  nodes  toward  the  loop.  The 
7erage  velocity  on  the  side  nearest  a  node  is  lees,  and  hence 
16  pressure  greater  than  on  the  side  nearest  a  loop,  where  the 
elocity  is  greater.  The  behavior  of  the  capsule-cylinders 
lastrates  the  distribution  of  the  forces  acting  upon  rigid  bodies 
L  moving  fluids,  the  mathematical  analysis  of  which  has  been 
)  fully  developed  by  W.  Koenig.* 

The  effect  here  described  can  be  easily  reproduced  as  a  lec- 
ire  experiment.  The  ordinary  stopped  organ-pipe  found  in 
jcture  cabinets  will  suffice  for  the  purpose.  The  smaller  cap- 
iles  will  perhaps  be  found  to  give  the  effect  more  strongly  m 
ise  the  pipe  is  not  a  powerful  one. 

Physical  Laboratory  of  Columbia  Uniyersity,  June  1,  1901. 

*  Wied.  Ann.,  xlii,  pp.  353,  649,  1891. 
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Art.  XXL — On  a  CoBsiuni'TeUurium  Fluoride  ;    bj  H.  L 

Wells  and  J.  M.  Willis. 

Seveeal  tellnriam  double  fluorides  have  been  described : 
NaFTeF,  by  Berzelius,  KFTeF,,  NH.F'TeF,  and  BaF,- 
2TeF/H,0  by  Hogbom.*  It  is  noticeable  that  all  these  fluo- 
rides belong  to  a  type  which  is  different  from  that  of  the 
double  chlorides,  bromides  and  iodides  of  tellurium,  e.  g., 
2KCl-TeCl„  2RbBr-TeBr,  and  2CsI'TeI.,  etc.,  which  have  been 
thoroughly  studied  in  this  laboratory  by  Wheeler.f  We  have 
undertaken,  therefore,  an  investi^tion  of  the  combination  of 
Cffisium  fluoride  with  tellurium  nuoride,  with  the  expectation 
that  possibly  several  types  of  double  fluorides  might  be  obtained. 
After  a  systematic  examination  of  the  matter,  however,  we 
were  able  to  prepare  only  one  double  fluoride,  CsF'TeF^, 
which  corresponds  in  type  to  the  previously  known  fluorides. 

A  concentrated  solution  of  TeF^  was  prepared  by  dissolving 
about  10^  of  pure  TeO,  in  an  excess  of  strong  hot  hydro- 
fluoric acid,  and  to  this  csesium  fluoride  was  added  in  small 
portions,  the  liquid  being  concentrated  by  evaporation  and 
cooled  after  each  addition.  At  the  same  time  small  portions  of 
tellurium  fluoride  were  added  to  a  concentrated  solution  of 
about  50^  of  caesium  fluoride  in  hydrofluoric  acid  and  this 
solution  was  evaporated  and  cooled  in  the  same  manner. 
Under  the  widest  range  of  conditions,  however,  only  a  single 
double  salt  was  obtained. 

1:1  Ccesiiim-tellurmm  fluoride^  CsF'TeF^. — This  salt  cm- 
talHzes  beautifully  in  large,  transparent,  colorless  needles.  The 
presence  of  free  hydrofluoric  acid  is  necessary  for  its  forma- 
tion, for  it  is  decomposed  by  water.  Several  crops,  made 
under  widely  varying  conditions,  were  analyzed  witn  the  fol- 
lowing results : 

Calculator  for  Found. 

CsTePft.  I.  II.  IIL  IV. 

Caesium 37*36         36-59         37*50         38-56         37-28 

Tellurium 35-96         35-51  36-45         36-82         85'60 

Fluorine 2668         26-76         24-61         26-18 

Fluorine  was  determined  volumetrically  by  converting  it 
into  SiF^,  collecting  this  in  water,  and  titrating  with  a  stand- 
ard solution  of  potassium  hydroxide.  In  another  portion, 
after  evaporating  with  concentrated  sulphuric  acid  and  dissolv- 
ing the  residue  in  hydrochloric  acid,  tellurium  was  precipitated 
with  sulphur  dioxide,  collected  on  a  Gooch  crucible  and 
weighed  as  metal.  From  the  filtrate  from  the  tellurium 
caesium  was  obtained,  and  weighed  as  normal  sulphate. 

Sheffield  Scientific  School,  May,  1901. 

*  Bulletin,  xxv,  60.  f  This  Journal  (3),  xlv,  267. 
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Art.  XXII. — On  the  Dovhle  Chlorides  of  CoBskim  and  Tho- 
rium ;  by  H.  L.  Wells  and  J.  M.  Willis. 

Nearly  all  of  the  known  doable  halogen  salts  of  quadriva- 
lent metals  belong  to  a  single  type,  of  wliich  2KCl'PtCl4  and 
2KF*Sir^  are  examples.  It  has  been  shown,  however,  by 
Marignac*  and  by  Wells  and  Footef  that  the  double  fluorides 
of  zirconium  exist  in  a  variety  of  types.  Therefore,  since 
thorium  is  somewhat  closely  related  to  zirconium,  we  have 
undertaken  an  investigation  of  some  thorium  double  halides, 
and  have  selected  the  caesium  salts  as  being  the  most  prom> 
ising. 

Upon  attempting  to  prepare  caesium  thorium  fluorides  we 
found  that  thorium  fluoride  is  practically  insoluble  even  in 
concentrated  solutions  of  caesium  fluoride  containing  hydro- 
fluoric acid.  There  is  no  doubt  that  the  two  fluorides  com- 
bine under  these  circumstances,  but  since  we  obtained  only 
finely  divided  precipitates  as  products  and  there  was  no  cer- 
tainty as  to  their  purity,  further  work  on  the  fluorides  was 
abandoned.  Chydenius:}:  has  previously  described  two  potas- 
sium thorium  fluorides,  2KF-ThF/4H,0  and  KF-ThF/JH^O, 
but  on  account  of  the  insolubility  of  thorium  fluoride  and  of 
these  double  salts  it  is  probable  that  there  may  be  some  doubt 
in  regard  to  the  correctness  of  these  formulae. 

We  have  prepared  two  caesium-thorium  chlorides,  to  which 
we  assign  the  formulae  3CsCl-ThCl/12H,0  and  2CsCl-ThCl/ 
llH.O.     The  amount  of  water  of  crystallization  in  these  com- 

Eounds  is  somewhat  uncertain,  since  they  form  very  small 
ygroscopic  crystals,  and  it  is  difficult  to  dry  them  by  pressing 
on  paper.  The  search  for  double  chlorides  was  made  syste- 
matically by  starting  with  a  solution  of  about  65^  of  thorium 
chloride  in  hydrochloric  acid,  adding  2  to  4«  of  caesium 
chloride  at  a  time,  and  evaporating  and  cooling  after  each  addi- 
tion until  finally,  after  dividing  the  solution  and  using  a  part 
of  it,  a  very  large  excess  of  caesium  chloride  was  present. 

In  analyzing  the  salts,  chlorine  was  determmed  as  silver 
chloride,  sometimes  in  separate  portions,  in  other  cases  in  the 
filtrates  from  which  thorium  hydroxide  had  been  precipitated  ; 
thorium  was  weighed  as  oxide  after  precipitation  with  ammonia, 
and  the  caesium  in  the  filtrates  was  converted  into  normal 
sulphate  and  weighed  as  such ;  water  was  determined  by  dif- 
ference. 

•  Ann.  Chim.  Phys.  (3),  Ix,  267.  \  This  Journal  (4),  i,  18  ;  iii,  466. 

X  Pogg.  Ann.,  cxix,  43. 

Am.  Jodr.  Scl— Fourth  Series,  Vol  XII,  No.  69.— September,  1901. 
14 


192     Wells  and  Willis — Chlorides  of  CcBsium  and  Thorium, 

3 :  1  CcBsinm-thorium  chloride,  3C6Cl-ThCl/12H,0.— This 
salt  was  produced  from  solutions  containing  about  12^  of 
thorium  cnloride  and  from  30  to  110*^  of  caesium  chloride. 
It  forms  colorless  crystals  of  feathery  structure  upon  cooling 
very  concentrated  solutions.  Three  different  crops  made 
under  somewhat  varied  conditions  gave  the  following  results 
upon  analysis : 

Calculated  for  Found. 

C8,ThClTl2HaO.  I.  II.  III. 

CsBsium 36-45  36-21            36-14           

Thorium 21-20  20-70  21-68         21-05 

Ghlorine 22-61  23-09             23-37 

Water 19-74  [20-00]           

2 : 1  Cmium'thorium  chloride,  2C6Cl-ThCl/llH,0.— This 
salt  was  obtained  in  colorless  crystals,  somewhat  resembling 
the  previous  salt,  but  not  nearly  as  feathery  in  appearance.  It 
was  formed  in  concentrated  solutions  containing  about  65*^  of 
thorium  chloride  and  from  30  to  100*^  of  caesium  chloride. 
The  following  analyses  were  made  of  different  crops  : 

Calculated  for  Found 

CsaThCUllHaO.      I.  II.  III.  IV. 

Cflesium 29-20  29'84  29-10  28-92 

Thorium 25-52  25-42         25-41  25-70  25-22 

Chlorine 23-43  23-40  24-75  23-36         23-55 

Water 21-78  [21*34]  [20-74]  [22-03] 

The  salt  loses  water  slowly  in  the  desiccator  over  sulphuric 
acid.  A  sample  dried  in  this  way  lost  6  per  cent  in  two  daye, 
11  per  cent  after  one  week,  and  20  per  cent,  corresponding  to 
practically  all  the  water,  after  one  month. 

The  two  chlorides  that  we  have  obtained  are  different  in 
type  from  the  potassium  salt  KCl'2ThCl/18H,0  described  by 
Cleve*  and  from  the  ammonium  salt  8NH,Cl-ThCl/8H,0 
described  by  Cliydenius.f  It  seems  certain  that  the  ammo- 
nium salt  just  mentioned  represents  a  mixture,  for  it  is 
described  as  a  sintered  mass  made  in  the  dry  way. 

Sheffield  Scientific  School,  May,  1901. 

♦Bulletin,  xxi,  118.  t  Pogg.  Ann.,  cxix,  43. 
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Abt.  XXIII. — Studita  of  Eocene  Mammalia  in  the  Marsh 
Collection,  Pedbody  Museum  ;  by  J.  L.  WoRTMAN. 

(CoDtmucd  from  p.  1G4.] 

Hind  limb. — Tlie  greater  part  of  the  pelvic  bones  of  both 
sides  are  present,  from  which  an  accurate  iaea  of  this  portion  of 
the  OBteolbgy  can  be  formed.  In  comparison  with  the  ilium, 
the  iscliium,  figure  32,  is  elongate,  being  73  per  cent  of  the 
length  of  the  former  bone ;  in  llerpeatea  it  is  79,  in  Crossatchus 
69,  in  the  Bintnrong  66,  and  in  the  domestic  cat  65  per  cent 
of  the  length  of  the  ilium.  The  pednncu- 
lar  portion  of  the  ilium  exhibits  about  tlie 
same  degree  of  constriction  as  that  seen  in  C^'^ 

the    Binturong,    and   is   somewhat  greater  \   m 

than  in  Herpestea.    The  gluteal  surface  is  1   I 

little  expanded,   and    is   occupied   by   two  \ 

longitudinal  grooves  separated  by  a  promi-  /^ 

nent  rounded  ridge ;  of  these  the  superior  ^^J 

is  the  wider  and  deeper,  the  inferior  being 

Inno-    ftnfl    iinrrnw        This    division    of    thp      F[onBB31.— Phalaox 
long   ana   narrow.       ims   division    ot    ttie  „[  q^^,^ ^       ^,.j„ 

gluteal  surface  18  a  characteristic  feature  of  Wortman;  dorsal  view; 
the  pelvis  of  all  Eocene  Carnivora,  and  in  two  and  one-fourth 
some  species  it  persists  into  the  Oligocene.  J^!^)""'""'  *''*■ 
In  the  nving  forms,  it  has  very  generally  dis- 
appeared, only  a  trace  of  it  remainiiigin  some  of  the  less  special- 
ized types.  The  meaning  of  its  universal  presence  in  the  early 
types  is  to  be  accounted  for  on  the  supposition  that  the  primitive 


Marsupial-like  ancestors  had  a  typeof  ilium  similar  to  that  of  the 
living  Opossum,  in  which  it  consists  of  a  simple  elongated  tri- 
hedral bar  attaclied  to  a  single  vertebra.  Slight  expansion  of 
the  dorsal  and  ventral  borders  of  this  bar  would  give  the  con- 
ditions seen  in  the  Eocene  types,  wherein  the  longitudinal 
ridge  corresponds  to  and  is  tbe  remains  of  the  primitive  bar. 
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A  little  in  front  of,  and  below  the  acetabnlam  is  a  relatively 
large  mgose  area,  wliicli  served  to  give  origin  to  the  rectia 
femoria  ;  it  is  ratlier  large  and  this  part  ■  if  the  bone  Bomewhat 


FiGUBB  33. — Left  fpmur  of  Obdedts  herpeiioidit  Wortman;  froi 
FlOFBE  34.  — I^ft  tiljja  of  aame  spcciea ;  front  view. 
FisDBK  35.— Left  pBlalla  of  same  spcdea:  front  view. 

All  figures  are  tlirea  halves  nulural  aiic.     (Type.) 
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deep,  resemblino:  in  this  respect  the  corresponding  part  of  the 
pelvis  of  the  Bintnrong.  The  ischial  tuberosities  were  little 
developed,  as  in  the  Ichneumon,  and  there  is  but  slight  indica- 
tion of  the  ischial  spine. 

The  femur,  figure  33,  is  relatively  stout  and  has  a  straight 
shaft.  The  hemispherical  head  is  set  upon  the  shaft  by  a 
short,  thick  neck,  and  the  fovea  capitalis  for  the  terete  liga- 
ment is  distinct.  The  trochanter  major  rises  to  the  level  of 
the  head,  and  the  digital  fossa  is  deep,  narrow,  and  slit-like,  as 
if  it  had  been  compressed  from  before  backwards,  as  in  certain 
of  the  carnivorous  Marsupials,  notably  the  Dasyures  and  Opos- 
sums. The  trochanter  mifior  is  broad  and  placed  upon  the 
inner  side  of  the  shaft  just  below  the  neck.  The  distal  end  of 
the  bone  is  characteristic,  being  relatively  broad  and  flat.  The 
condyles  are  well  separated  and  have  comparatively  little  poste- 
rior extension ;  they  are  sub-equal  in  size,  and  the  inner  is  not 
produced  downwards  to  any  perceptibly  greater  extent  than 
the  outer.  The  rotular  groove  is  broad  and  shallow  and  has 
but  flight  upward  extension  upon  the  anterior  surface  of  the 
shaft.  In  all  its  characters,  with  the  exception  of  the  third 
trochanter  and  the  large  size  of  the  trocnaiiter  minor,  the 
femur  bears  a  very  strong  resemblance  to  that  of  the  Bintu- 
rong,  and  differs  from  the  viverrine  and  herpestine  representa- 
tives in  the  character  of  the  distal  end,  the  shape  of  the  greater 
trochanter,  and  the  position  of  the  lesser,  which  is  more  on  the 
inner  border  of  the  shaft.  The  patella,  i]gure  35,  moreover,  is 
short,  flat,  thin,  and  scale-like,  having  more  the  shape  of  that 
of  the  Binturong,  in  marked  contrast  to  its  narrow,  elongate, 
thickened  form  in  the  other  sections  of  the  family. 

The  tibia,  figure  34,  does  not  closely  resemble  that  of  any 
of  the  living  Viverridee  on  account  of  the  preponderance  of 
primitive  characters  \vhich  it  possesses.  These  are  seen  in  the 
relatively  small  size,  the  slender  and  rounded  shaft,  its  great 
lateral  curvature,  and  the  small  development  of  the  cnemial 
crest.  The  head  has  the  appearance  of  being  flattened  from 
before  backwards ;  the  two  tuberosities  have  the  usual  form, 
but  the  spine  is  very  much  less  divided  than  in  the  modern 
species.  The  entire  form  is  quite  as  much  like  that  of  the 
Marsupials  as  that  of  the  living  types.  Near  the  middle  of 
the  shaft  or  what  may  be  taken  as  the  extreme  lower  end  of 
the  cnemial  crest  is  seen  a  prominent  roughened  area  for 
tendinous  attachment.  This  area  is  also  pronounced  in  the 
tibia  of  many  Marsupials ;  and  is  likewise  present,  but  less 
strongly  marked,  in  the  Binturong.  If  it  served  for  the 
attachment  of  the  tendon  of  one  of  the  inner  hamstring 
muscles,  which  is  in  all  probability  the  case,  it  indicates  an 
unusually  low  position  for  this  insertion.  A  short  distance 
above,  and  to  the  inner  side,  is  seen  the  point  of  insertion  of 
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the  remaining  tendons  of  the  in\ier  hamstring.  The  distal  end 
is  unknown. 

With  tlie  exception  of  some  fragments  of  the  middle  portion 
of  the  shaft,  the  fibula  is  not  preserved.  These  fragments 
indicate  that  it  was  comparatively  little  reduced,  a  character 
wliich  again  takes  it  back  towards  a  Marsupial  stage  of  devel- 
opment. 

The  pes  is  represented  by  but  a  few  inconsiderable  fragments, 
which  do  not,  unfortunately,  serve  to  give  a  very  clear  idea  of 
its  organization.  A  distal  extremity  of  a  calcaneum  corresponds 
much  more  nearly  with  that  of  the  Binturong  than  either 
jHerpesteSj  Orossarchus,  Viverra^  or  Euplerea.  The  articular 
surface  for  the  cuboid  is  rather  flat,  the  astragalar  facet  much 
arched,  and  the  sustentaculum  widely  projecting,  with  a  slightly 
excavated  facet.  There  was  apparently  no  contact  between  the 
fibula  and  calcaneum.  The  cuboid  has  about  the  same  relative 
height  as  is  found  in  the  viverrines  in  general ;  but  in  corre- 
spondence with  the  flat  distal  end  of  the  calcaneum  its  proximal 
surface  is  likewise  considerably  flattened.  The  navicular  again 
exhibits  a  very  decided  resemblance  to  that  of  the  Binturong, 
and  diifers  sharply  from  the  viverrine,  herpestine,  and  eupler- 
ine  sections  of  the  family.  In  the  Binturong,  the  posterior 
margin  of  the  bone  is  divided  by  a  deep  notch  or  sulcus  into 
two  sub-equal  projections.  In  Ilerpestes^  CrossarchuSy  and 
Eupleres,  no  such  sulcus  exists,  and  tlie  postero-internal  angle 
is  enlarged  and  elevated.  In  the  fossil  this  sulcus  is  present, 
but  not  so  deep  as  in  the  Binturong,  yet  the  arrangement  is 
essentially  the  same.  No  other  part  of  the  pes  is  known.  The 
principal  measurements  are  as  follows : 


Length  of  three  posterior  premolars  atd  first 

two  superior  molars 18* 

Length  of  superior  sectorial 6* 

Transverse  diameter  of  superior  sectorial 3*8 

Length  of  first  and  second  molars  (outside) 6'7 

Transverse  diameter  of  first  molar  (anterior)..  6-8 
Transverse  diameter  of  first  raolar  (posterior).  5'9 
Transverse  diameter  of  second  molar  (anterior)  5*5 
Transverse  diameter  of  second  molar  (posterior)  4*5 
Length  of  inferior  dental  series  Irom  anterior 

border  of  canine 30*5 

Length  of  first  lower  molar 4*5 

Length  of  second  lower  molar 3*7 

Depth  of  jaw  at  anterior  border  of  first  molar.  8*2 
Length  ol  centrum  of  third  (?)  lumbar  vertebra  15* 

Length  of  centrum  of  last  lumbar  vertebra 15* 

Length  of  centrum  of  penultimate  lumbar  ver- 
tebra     17* 


mm 
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mm 


Length  of  centrum  of  axis  including  odontoid.  16* 

Length  of  centrum  of  third  cervical 8* 

Length  of  humerus 68*5 

Transverse  diameter  Qf  humerus  (distal  end) . .  16*5 

Length  of  ulna  (estimated) 71* 

Length  of  radius 58* 

Length  of  carpus  and  metacarpus  (estimated).  24* 

Length  of  phalanx,  second  row . .  -  - 10* 

Length  of  pelvis 74* 

Transverse  diameter  of  ilium 12* 

Length  of  femur 92* 

Transverse  diameter  of  proximal  extremity 16*5 

Transverse  diameter  of  caput  femoris 8*3 

Transverse  diameter  at  lesser  trochanter 15' 

Transverse  diameter  of  distal  extremity 16* 

Antero-posterior  diameter  of  condyles 12* 

Length  of  patella 6* 

Transverse  diameter  of  patella 6*8 

Length  of  tibia  (estimated ). 81 '5 

Transverse  diameter  of  head  of  tibia  14*5 

Antero  posterior  diameter  of  head  of  tibia 11* 

Discussian, — In  the  foregoing  description  of  this  family, 
frequent  reference  has  been  made  to  their  relationship  with  the 
Viverridse,  the  characters  in  which  the  two  families  resemble 
as  well  as  differ  from  each  other  have  been  pointed  out  as  far 
as  they  are  known,  and  the  position  has  been  generally 
assumed  that  the  one  stands  in  direct  ancestral  relation  to  the 
other.  I  will  now  proceed  to  summarize  the  arguments  upon 
which  this  assumption  is  based,  but  it  is  first  necessary  to 
observe  that  the  idea  is  by  no  means  a  new  one.  Professor 
Marsh,  in  giving  the  name  Viverravus  to  the  species  first 
described,  expressed  this  relationship,  although  he  did  not 
follow  it  up  with  the  necessary  evidence  to  establish  it  upon  a 
firm  foundation.  In  my  work  on  the  "  Comparative  Anatomy 
of  the  Teeth  "  (1886),  I  gave  utterance  to  the  same  view,  but  did 
not  attempt  a  demonstration  of  the  same.  Flower  and  Lydek- 
ker,  in  ''  Mammals  Living  and  Extinct,"  1891,  p.  539,  state : 
"The  North  American  genera  Miacis  and  Didymlctis 
(Uintacyon  and  Viverravus)  are  generally  regarded  as 
representing  a  separate  family — Miacidse — with  affinities  to 
both  the  Yiverridse  and  the  Canidee."  In  our  paper  on  "  The 
Ancestry  of  Certain  Members  of  the  Canidse,  the  Viverridae, 
and  Procyonidse"  (Bull.  Amer.  Mus.,  1899),  Matthew  and 
myself  reiterated  this  opinion,  and  from  a  study  of  the  skeleton 
of  a  species  of  Viverravus  brought  forward  some  evidence 
in  its  support. 

From  a  consideration  of  the  materials  at  present  before  us, 
it  may  be  regarded  as  clearly  established  that  there  were  at 
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least  two  ffeneric  types  living  in  this  country  during  the  depo- 
sition of  the  Bridger  sediments,  the  sum  total  of  whose  char- 
acters, as  far  as  they  can  be  at  present  ascertained,  come  nearer 
to  the  living  Viverridse  than  to  any  other  known  group  of  the 
Carnivora.  These  characters^  moreover,  not  only  do  not 
interpose  any  difficulties  in  the  way  of  deriving  the  one  group 
from  the  other  by  direct  descent,  but  they  furnish  just  such  a 
combination  of  resemblances  and  differences  as  we  should 
be  reasonably  led  to  look  for  on  a  priori  grounds,  in  the 
Eocene  ancestors  of  the  existing  Viverridse.  The  living  repre- 
sentatives of  this  family  include  three  and  perhaps  four  widely 
divergent  types,  so  different  from  each  other  tnat  at  various 
times  they  have  been  considered  by  some  very  good  authorities 
to  represent  distinct  family  modifications.  One  of  these,  the 
Viverriuiie,  for  which  there  are  excellent  reasons  to  believe 
that  they  come  nearest  to  the  original  stem  form,  has  fossil  rep- 
resentatives in  the  Upper  Eocene  of  Europe,  whose  remains  are 
indistinguishable  generically  from  those  living  to-day.  This 
fact  indicates  a  most  remarkable  persistence  or  staoility  of 
structure  which  we  are  not  at  liberty  to  suppose  began 
abruptly  in  the  Upper  Eocene,  but  must  have,  in  some  degi'ee 
at  least,  belonged  to  its  earlier  Eocene  progenitors.  Now  it  is 
either  a  striking  coincidence  or  a  highly  significant  fact  that  this 
very  character  is  one  of  the  preeminently  distinguishing  features 
of  y^iverravus.  We  have  already  seen  that  it  passes  with  but 
very  little  change  from  the  Torrejon  to  the  Bridger  inclusive, 
or,  in  other  words,  it  did  not  change  more  than  specifically 
during  the  deposition  of  between  six  and  seven  thousand  feet 
of  sediment.  There  is  another  fact  which  must  not  be  lost 
sight  of  just  here,  and  that  is,  that  in  the  Eastern  Hemisphere 
these  forms  appear  abruptly  in  the  upper  stages  of  the  Eocene, 
while  in  the  Western  Hemisphere  they  disappear  quite  as  sud- 
denly in  the  age  preceding.  So  much,  then,  for  the  general  con- 
siderations touching  the  possible  relationship  of  the  two  groups. 
Let  us  next  inquire  into  the  special  or  particular  resem- 
blances and  differences  which  they  present.  In  the  ViverravM- 
Viverra  series  we  note,  (1)  that  the  dental  formula  is 
identically  the  same  in  the  two  groups ;  (2)  that  the  structure 
of  the  various  teeth,  including  all  the  details  of  arrangement 
with  respect  to  the  component  cusps,  ridges,  etc.,  is  surpris- 
ingly similar;  (3)  that  the  skull  of  Viverravus  exhibits  the 
same  more  or  less  compressed,  post-orbi tally  elongated  form  as 
that  of  the  Viverrina3 ;  (4)  that  the  atlas  has  the  same  arrange- 
ment of  the  perforations  for  the  passage  of  the  vertebral 
artery — a  higlily  characteristic  viverrine  feature ;  (5)  that 
the  succeeding  vertebrae  are  very  similar  in  the  two  groups, 
including  the  long  and  powerful  tail,  which  is  still  retained; 
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and  (6)  that  there  is  such  a  general  similarity  in  the  structure  of 
the  limbs  that  one  could  easily  have  been  derived  from  the  other. 

The  main  points  of  difference  are  not  of  a  fundamental 
character,  but  relate  to  the  assumption  of  modernized  features, 
such  as  (1)  increase  in  size  of  the  brain;  (2^  development 
of  tympanic  into  a  large,  two-chambered,  otic  bulla,  with 
consequent  modification  of  the  contiguous  cranial  foramina 
and  paroccipital  process;  (3)  decrease  in  relative  size  of  the 
lumbar  vertebrae;  (4)  reduction  in  size  of  the  deltoid  crest 
of  the  humerus;  (5)  union  of  the  scaphoid,  lunar,  and  centrale 
of  the  carpus ;  (6)  loss  of  third  trochanter  of  the  femur,  and 
reduction  m  size  of  the  lesser  trochanter;  (7)  development  of 
cnemial  crest  of  tibia,  and  (8)  grooving  of  astragalus  and 
loss  of  fibular  contact  with  the  calcaneum.  These  characters, 
as  we  know  from  so  many  other  lines,  pertain  to  all  the  primi- 
tive Carnivora,  and  involve  just  such  parts  of  the  osteological 
structure  as  have  been  profoundly  and  progressively  modified 
by  development.  Instead,  therefore,  of  offering  any  difficul- 
ties in  the  way  of  the  derivation  of  the  Viverrinse  from 
Viverravus^  they  are  of  such  a  nature  as  one  would  reasonably 
assume  to  belong  to  the  primitive  type.  The  evidence,  then, 
in  favor  of  this  derivation,  as  it  at  present  stands,  is  strongly 
presumptive  if  not  absolutely  demonstrative.  If  well  founded, 
it  establishes  for  this  phylum  an  antiquity  greater  than  that  of 
any  group  of  living  Carnivora  thus  far  known. 

The  position  of  the  genus  Oodectes  with  reference  to  the 
living  forms  is  not  so  clear.  The  possession  of  three  true 
molars  in  the  superior  and  inferior  series  would  hardly  have 
been  expected  in  a  Bridger  representative,  seeing  that  in  Viver- 
raw4t  they  had  already  been  reduced  to  the  modern  formula 
as  early  as  the  Torrejon.  The  genus,  therefore,  can  clearly  have 
nothing  whatever  to  do  with  the  ancestry  of  the  Viverra  series. 
That  it  is  viverrine  in  its  affinities,  however,  is  so  strongly 
suggested  by  almost  every  feature  of  its  structure  that  it 
cannot  be  consistently  placed  in  any  other  group.  Among 
living  forms,  it  seems  to  bear  a  more  decided  resemblance  to 
certain  of  the  Paradoxures  than  to  anv  other  section  of  the 
family,  although  the  relatively  short,  t&ick  premolars,  with  the 
disposition  to  the  development  of  internal  cusps,  recall  very 
forcibly  certain  members  of  the  Herpestinee.  This  character, 
however,  is  also  found  in  the  Paradoxures.  In  the  inferior 
premolars  it  is  important  to  note  that  in  their  lack  of  develop- 
ment of  a  distinctively  trenchant  and  sectorial  character,  they 
are  well  fitted  to  give  rise  to  the  various  types  of  teeth  of  this 
group,  even  including  members  the  most  aberrant  and  highly 
modified  in  this  respect ;  as  Arctogale  and  Arctictis.  Indeed, 
the  skeletal  parts,  as  far  as  they  are  preserved,  show  many 
significant    resemblances    to    tne    Binturong.      These     are 
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especially  noticeable  in  the  ulna,  femur,  patella,  navicular, 
calcaneum,  and  cuboid.  These  resemblances,  however,"  may 
be  accidental  and  deceptive,  and  until  we  can  connect  the  two 
groups  somewhat  more  closely  in  point  of  time,  their  relations 
cannot  be  regarded  as  finally  settled. 

In  this  connection  I  wish  to  draw  attention  to  three  genera 
described  by  Professor  Marsh  from  various  fragmentary 
materials  (mostly  teeth  and  portions  of  jaws),  the  validity  of 
which  is  either  questionable  or  the  remains  are  insulBcient  to 
indicate  their  true  position.     They  are  as  follows : 

Triacodon  fcUlax  Marsh.* 

The  type  of  this  genus  and  species,  figure  36,  consists  of  the 
anterior  portion  of  a  tooth  crown  of  the  first  lower  molar  or 

sectorial,  which   agrees  in   every    particular 
^^  with  the  corresponding  tooth  of  Viverravm 

gracilis.     I  therefore  do  not  hesitate  to  refer 
it  to  this  species.     Professor  Marsh  errone- 
ously supposed  that  it  was  an  entire  tooth 
Figure  3  6.—A   ^^  ^'^^  premolar  series,  and  this  at  first  sight 
right  lower  aectoriai   would  seem  possible,  since  the  broken  sur- 
of  Tnacodon  failax  fg^e  where  the  heel  joins  the  trigon  is  worn 

fracture.     I  give  herewith  a  cut  of  the  tooth 
seen  from  the  inside. 

A  second  species,  T,  grandis^^  was  also  described  by  Pro- 
fessor Marsh,  and  this  again  is  founded  upon  the  trigon  of  a 
sectorial  molar  of  some  larger  species  of  Carnivoi*e,  presuma- 
bly Limnocyon  vei'us^  although  the  specimen  agrees  equally 
well  with  some  other  species,  notably  oinopa  agili^.  A  third 
species,  T.  nanus^  is  of  the  same  character,  and  is  referable  io 
some  small  carnivorous  or  insectivorous  species. 

Ziphacodon  ntgatita  Marsh. J 

This  genus  and  species  was 
^"^  established   upon  the  anterior 

])ortion  of  a  lower  jaw,  figure 
37,  carrying  the  second  and 
third  premolars  with  the  roots 
of  the  first  and  fourth,  together 
with  the  alveolus  for  the  canine 
and  a  part  of  that  for  the  first 
FiouKE  37.-Left  lower  jaw  of  Ziphac^  incisor.     As  far  as  oue  is  able 

odon     rwjatus     Mar3h;    outside    view;    ,       .     ,  ^i  •       •  ^  ^«f 

three  halves  natural  size.     (Type.)  to   judge,    this    jaw    fragnienl 

agrees  perfectly  with  Viverra- 

♦This  Journal,  vol.  ii,  August,  1871,  p.  15,  separata, 
f  This  Journal,  vol.  iv,  August,  1872,  p.  32,  separata. 
^This  Journal,  vol.  iv,  August,  1872,  p.  25,  separata. 
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Figure  38.  —  Portion 


vus  gracilis.  The  principal  points  of  similarity  are  seen  in 
the  two-rooted  first  premolar,  which  is  characteristic  of  all 
the  Bridger  species  of  Viverravus^  the  form  of  the  premolars, 
and  the  agreement  in  size.  The  name  may,  therefore,  I  think, 
be  properly  placed  as  a  synonym  of  V,  gracilis, 

JSarpalodon  sylvestris  Marsh.* 

This  small  species  of  Carnivore  was  founded  upon  a  frag- 
ment of  a  left  lower  jaw,  figure  38,  supporting  the  third  and 
fourth  premolars  and  a  part  of  the  crown  of  the  first  molar  or 
sectorial,  including  the  complete  heel.  The  structure  of  the 
premolars  agrees  most  nearly  with  those  of  TJintacyoii  edax. 
The  heel  of  the  sectorial  is  somewhat  less 
trenchant,  having  the  inner  portion 
slightly  developed  so  as  to  form  an  incip- 
ient basin.  The  jaw  is  broken  below  so 
as  not  to  display  its  character  very  well, 
yet  it  has  the  appearance  of  being  much 
more  slender,  though  lacking  the  thick 
heavy    structure    of    this    latter    species.  __ 

When  more  fully  known,  this  may  prove  of1Xiowe"r7aworzrar" 
to  be  a  distinct  form.  With  the  present  paiodon  syivestris  lifKv^] 
material,  however,  lam  persuaded  that  the  outside  view;  three 

1,  .  •^,        1  •i.'xi       nalvesnatural  size. 

best  course  to  pureue  is  to  place  it  m  tlie  (Type.) 

doubtful  list,  since  there  are  no  characters 

by  which  it  can  be  properly  placed  or  distinguished. 

A  second  species  of  this  genus,  EC,  vulpinusj  founded  upon 
a  lower  jaw  fragment^  figure  39,  containing  the  last  premolar, 
I  think  clearly  belongs  to  Viver?*avus  gracilis,  and  I  have  no 
hesitancy  in  placing  it  in  this  category. 

Family  PalceonictidcB  Osborn  and  Wort  man. 

Palaoniciidct  Osborn  and  Wortman.  Bull.  Amer.  Mus.  Nat.  Hist,  vol.  iv,  no, 
1,  1892. 

A  family  of  little  known,  primitive  Carnassidents  placed 
ancestral  to  the  Felines,  ranging  in  time  from  the  Wasatch  to 
the  Bridger  inclusive,  and  cuarac- 
terized  by  the  early  and  rapid 
reduction  of  the  molar  dentition, 
the  short  face,  and  cat-like  lower 
jaw. 

Of  this  family,  three  genera  are 
known,  of  which  Palceonictis 
oomes  from  the  Wasatch  of  Europe      figure  39.— Fragment  of  left 

ftnd    America,    Amhlyctonus   from    lower  jaw  of  Uarpalodon  vulpinus 

the  Wasatch  of  New  Mexico,  and  ^aTural  s'ize^' Vy^^  three  halves 
^lurotheHum  from  the  Bridger. 

*Thi8  Journal,  vol.  iv,  August,  1872,  p.  25,  separata. 
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A  well-preserved  anterior  portion  of  a  skull  of  PalcBonidit 
americanua  was  secured  by  the  writer  in  the  Wasatch  horizon 
of  the  Big  Horn  Basin,  in  1881,  which  formed  the  basis  of  the 
description  of  tliis  species  and  is  the  best  specimen  of  the 
ffTOUp  thus  far  recovered.  AnAlyctonut  is  known  from  a  few 
fragmentary  remains  of  teeth  and  jaws  only.  No  other  skele- 
tal parts  have  been  found. 

jElurotherium  latidena  Marsh. 

Limnofelie  tatideni  Uarsb,  thia  Jouroal.  vol.  if,  Auguet.  1871;  PaMoftliM  ItUfi- 
(ihtm  Oeborn  aod  WorLman,  BuU.  Am°r.  Mus.,  vol.  iv,  ao.  I,  IB92;  Patrioftla 
leidyanui  ^t'oitman,  Bull.  Aoier.  Mus.,  1^94,  p.  164;  jEluroUltrium  la'dyaxum 
Adems.  this  Jour-Dil,  Jiiuc,  lS9ii,  p.  442. 

Professor  Marsh,  in  describing  Limnofelis  lalidcng,  states: 
"  A  second  very  large  Carnivore,  but  inferior  to  the  preceding 


in  size,  is  indicated  by  a  last  upper  premolar  and  probably  b,T 

some  other  fragmentary  remains Another  specmjen 

apparently  of  tnis  species  is  a  left  lower  jaw  of  a  yoong  indi- 
viaual.  It  contains  the  canine  and  three  (four)  raolara,  tne  Isft 
of  which  is  still  nearly  enclosed  in  the  jaw."  It  is  now  en- 
dent  that  the  fourth  premolar  above  mentioned  belongs  to 
Patriofeli«  ferox,  which  was  previousl;^  described  by  Pro- 
fessor Marsh ;  and  that  the  second  specimen,  or  that  of  the 
immature  individual,  figures  40,  41,  is  a  member,  not  onlj  of 
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another  genus,  but  another  family.     It  is  therefore  the  type  of 
the  genus  and  species  under  consideration.     The  specimen  con- 
sists of  an  incomplete  mandibular  ramus  containing  the  decid- 
uous canine,  second  and  third  deciduous  molars,  the  alveolus 
for  the  first,  and  the  crown  of  the  first  permanent  molar, 
which  was  just  being   erupted.      Imme- 
diately posterior  to  this  tooth  is  seen  a  *^ 
part  of  the  bony  crypt  which  lodged  the 
imperfectly   calcified  germ  of   a  second 
molar,    so    that   the  inferior  molar    and 
premolar    formula  can    be    determined. 
The  three  deciduous  molars  imply  a  like 
number  of  permanent  premolars,  and  as      Figure  41.  —  Crown 
there   is  evidence  of  ho  more  than   two  ^^w  of  first  lower  molar 
molars,   we  may  fairly  assume  thai  the  tx^;  '°'^-(   ^V/e' 
number   was  two.      The  formula  would  (Type.) 
then  be  1.  (?),  C.  y,  Pm.  3,  M.  ^, 

The  deciduous  canine  was  not  fully  erupted  and  the  point 
of  the  crown  is  missing.  Like  the  corresponding  milk  tooth 
of  the  lion,  the  root  is  considerably  compressed  from  side  to 
side  and  of  great  antero-posterior  diameter.  The  crown  is 
small  in  comparison  with  the  root,  and  the  enamel  extends 
much  further  down  on  the  buccal  than  upon  the  lingual  side 
of  the  crown.  There  is  a  deep  vertical  sulcus,  flanked  by  a  dis- 
tinct ridge  in  front,  on  the  inner  face,  the  base  of  the  crown, 
which  is  surrounded  by  a  distinct  cingulum. 

The  first  deciduous  molar,  as  indicated  by  its  alveolus,  is 
|ilaced  behind  the  canine  without  diastema,  somewhat  internal 
to  the  tooth  line  and  slightly  overlapping  the  second  tooth. 
The  tooth  was  small  and  single-rooted.  The  second  tooth  is 
abruptly  larger ;  it  is  implanted  by  two  strong  roots  and  has  a 
crown  composed  of  a  large,  laterally  compressed,  central  cusp, 
with  strong  anterior  and  posterior  cusps.  There  is  no  basal  cin- 
f^ulum.  fi  structure,  this  tooth  agrees  very  closely  with  that 
of  the  lion. 

The  crown  of  the  third  deciduous  molar  is  much  damaged 
and  does   not   display  its  structure  satisfactorily.      Enough 
remains,  however,  to  enable  me  to  state  that  its  crown  was 
thoroughly  sectorial  in  organization.     The  anterior  blade  is 
preserved  and  is  rather  short  antero-posteriorly.     The  great 
proportional  length  which  remains    indicates  without  much 
doubt  that  there  was  a  rather  large  heel  and  probably  an  inter- 
nal cusp  as  well.     In  the  milk  sectorial  of  the  lion  both  these 
elements  are  present ;  and  as  far  as  this  tooth  is  preserved  in 
the  fossil,  its  resemblance  to  that  of  the  cats  is  much  more 
marked  that  it  is  to  any  other  family  of  the  Carnassidentia. 
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As  a  whole,  the  milk  dentition  of  the  fossil  differs  from  that 
of  both  the  Canid®  and  the  Viverridee  in  having  three  instead 
of  four  milk  molars  ;  from  the  Hyeenidse  in  the  larger  caniDe, 
the  small,  single-rooted  first  molar,  and  the  development  of 
three  strong  cusps  on  tlie  second.  In  the  hygena,  the  first 
deciduous  molar  is  large  and  two-rooted,  and  the  anterior  basal 
cusp  on  the  second  is  rudimental  or  wanting.  As  far,  how- 
ever, as  we  are  able  to  iudge,  in  its  imperfectly  preserved  con- 
dition, it  agrees  perfectly  with'  that  of  the  cats. 

The  crown  of  the  sectorial  is  of  much  interest,  inasmuch  as 
it  exhibits  a  stage  of  development  intermediate  between  that 
of  Palceonictis  of  the  Wasatch  and  Diiiictis  of  the  Oligocene. 
The  three  usual  cusps  of  the  trigon  are  present,  but  they  are 
flattened  and  their  edges  drawn  out  to  a  much  greater  extent 
than  in  any  other  Carnassident  of  its  time.  The  internal  cusp 
is  relatively  small,  has  a  very  posterior  position,  and  there  is 
no  evidence  that  the  posterior  shear  between  it  and  the  ante- 
rior edge  of  the  first  superior  molar  was  functional,  which 
leads  to  the  conclusion  that  this  latter  tooth  was  considerabk 
reduced.  The  heel  is  composed  of  a  single,  rather  large  trihe- 
dral cusp,  with  the  anterior  edge  produced  forwards  toward 
the  base  of  the  trigon,  thus  very  strongly  foreshadowing  the 
trenchant  heel  of  the  corresponding  tooth  of  Dinictis^  ft^im- 
raimSy  and  so  many  other  Felines  of  the  Oligocene  and 
Miocene. 

As  ah-eady  noted,  a  part  of  the  bony  crypt  which  served  to 
lodge  the  germ  of  a  second  molar  is  to  be  seen  just  posterior 
to  the  sectorial.  Aside  from  the  important  fact  of  demonstra- 
ting the  existence  of  a  second  molar,  it  furnished  the  further 
information  that  this  tooth  was  much  reduced  in  size,  which 
is  of  still  greater  moment.  The  jaw  has  greater  vertical  depth 
in  front  than  behind,  the  symphysis  is  large,  but  there  is  no 
trace  of  a  flange  as  in  Diiiictis,  Altogetlier  it  may  be  remarked 
that  it  is  just  such  a  type  as  preceded  that  of  the  Sabre-tooth 
Tigers. 

The  measurements  are  as  follows : 

Length  from  anterior  base  of  canine  to  posterior 

part  of  first  permanent  molar 59*  "" 

Length  of  second  and  third  deciduous  molars.  33* 

Length  of  first  permanent  molar 18*5 

Depth  of  jaw  at  first  deciduous  molar 32* 

Depth  of  jaw  behind  first  permanent  molar 23*5 

This  important  type  specimen  was  found  by  Mr.  G.  M. 
Keasby  of  the  Yale  party  of  1871,  in  the  Henry's  Fork  Bad 
Lands  of  the  Eridger  Basin,  Wyoming.  ' 
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^Ivrotfierium  bieutpis  sp.  nov. 
A  Becond  gpeciee  of  this  genne  is  indicated  by  a  first  lower 
molar  or  sectorial  tooth,  figures  42,  43,  of  the  left  side.  It  is 
Eomewliat  smaller  than  this  tooth  in  ^.  latideris  and  differs 
farther  from  it  in  the  poeeeasion  of  two  cusps  on  the  heel 
instead  of  one,  which  gives  it  a  more  decidedly  basin-Bliaped 


FlOtiRE  4S. — Left  lover  sectorial  inoUr  of  ^iJiToiherivm  hicuapia  WortniRD : 
oulaide  view.     (Tjpe.l 
FiacRB  43. — CrowD  view  of  same. 

Both  Qgurea  aro  throe  halves  natural  size. 

character.     Of  the  two  cnsps  comprising  the  heel  the  larger 
is  median  and  the  smaller  is  external.     This  species  is  more 
closely  allied  to  I'alaonictis,  in  which  the  heel  of  the  tirsf 
lower  molar  is  tubercular. 
The  principal  raeasnrcDients  are  as  follows : 

Antero-postenor  diameter 168°"" 

Transverse  diameter 85 

Ueight  of  crown  at  middle  cuap 12' 

The  specimen  was  found  by  L.  LaMothe  on  Henry's  Fork, 
Bridger  Basin,  Wyoming. 

J)iscu8sio7i. — Doubtlees  some  objection  will  be  raised  to  the 
placing  of  this  family  in  the  Carnassidentia,  and  did  we  have 
the  gcnns  Palwonictia  alone  to  consider,  it  could  be  possibly 
regarded  as  a  more  or  less  questionable  procedure,  since  the 
development  of  the  fourth  superior  premolar  and  the  first 
inferior  molar  into  highly  specialized  camassial  teeth,  to  the 
exclusion  of  all  the  othei-s,  had  not  reached  quite  that  degree 
of  perfection  displayed  by  either  the  contemporaneous  viver- 
rine  or  canine  phylum  ;  but  at  the  same  time,  the  tendency  in 
this  direction  was  so  clearly  evident  as  to  leave  no  room  for 
donbt  that  the  genus  should  be  arranged  with  those  forms 
which  finally  developed  the  typical  sectorial  dentition  of  the 
modern  Carnassidentia.  There  seems,  moreover,  to  be  entire 
ananimity  of  opinion  that  ^litrot/iei'tutn  is  not  only  a  mem- 
ber of  the  Paleeonictidfe,  but  is  the  direct  descendant  of 
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Palceoiiictis,  If  this  is  true — and  it  would  seem  to  be  a  very 
probable  assumption  from  the  evidence  thus  far  obtained* — it 
then  follows  that  the  whole  series  are  true  Camassidents,  since 
the  first  lower  molar  of  the  Bridger  species  is  practically  as 
well  developed  and  as  exclusively  a  sectorial  as  it  is  in  any  of 
the  Oligocene  Felids. 

The  genetic  relationship  of  ^lurotherium  to  the  Oligocene 
Felidse  is  a  matter  of  the  greatest  moment,  for  the  reason  that, 
if  once  established,  it  gives  us  the  long  sought  key  to  the  solu- 
tion of  the  problem  of  feline  ancestry.  Although  the  material 
upon  which  our  knowledge  at  present  rests  is  scarce  and  frag- 
mentary, and  the  evidence  correspondingly  meager  and  incom- 
plete, yet  such  as  this  affords  appears  to  be  of  neither  an 
indifferent  character  nor  uncertain  significance.  We  have 
already  seen  (1)  that  the  milk  dentition  of  the  lower  jaw  is 
surprisingly  feline  in  the  make-up ;  (2)  that  the  molar  and 
premolar  formula  for  the  inferior  series  is  the  same  as  in  cer- 
tain of  the  Oligocene  types,  notably  Dlnictis ;  (3)  that  the 
structure  of  the  molars  and  premolars  coincides  almost  exactly 
with  those  forms,  and  (4)  that  the  form  of  the  lower  jaw 
exhibits  unmistakable  evidences  of  relationship.  The  speci- 
mens do  not  afford  any  evidence  whatever  of  a  contrary  nature, 
and  until  such  is  forthcoming  we  must  look  upon  this  source 
of  feline  origin  as  not  only  possible  but  extremely  probable. 

If  the  conclusions  herein  set  forth  are  well  founded,  it 
follows  that  in  the  Bridger  epoch  there  were  clearly  established 
three  of  the  main  lines  of  modern  Carnassident  descent,  a  fact 
which  in  itself  implies  an  origin  at  a  much  earlier  date. 
Indeed,  as  the  evidence  accumulates  we  are  forced  to  conclude 
that  the  beginnings  of  these  phyletic  lines  are  incomparably 
more  ancient  than  we  had  formerly  thought  possible. 

*See  ADcestry  of  the  Felidae,  Bull.  Amer.  Mus.  Nat   Hist.,  1892,  p.  94,  io 
which  I  fully  discussed  this  subject. 


[To  be  coDtiuued.] 
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Art.  XXIY. — Oti  the  Separation  of  the  Least  Volatile  Gases 
of  Atmospheric  Air,  and  their  Spectra  ;  by  G.  D.  Livbing, 
M.A.,  ScD.,  F.R.S.,  Profesaor  of  Chemistry  in  the  (Jni- 
vereity  of  Cambridge,  and  Jakes  Dkwar,  M.A.,  LL.D., 
F.R.S.,  Fullerian  Professor  of  Cbemistry,  Kojal  Institntion, 
London, 

[Retd  before  the  Royal  Sodetj  of  London,  June  20,  1901.] 

Oqe  last  communication  to  the  Soeietj*  related  to  the  most 
volatile  of  the  atmospheric  gases;  that  which  we  now  beg 
leave  to  oSer  relates  to  the  least  volatile  of  thoBe  gases.  The 
former  were  obtained  from  their  solution  in  liquid  air  by  frac- 


tional distillation  at  low  pressure,  and  separation  of  the  coq- 
densible  part  of  the  distillate  by  cooling  it  in  liquid  hydrogen. 
The  latter  were,  in  the  first  instance,  obtained  from  the  residue 
of  liquid  air,  after  the  distllJatioD  of  the  first  fraction,  by 
allowing  it  to  evaporate  gradually  at  a  temperature  rising  only 
very  slowly.  Tne  diagram,  lig.  1,  will  make  the  former 
process  intelligible.  A  represents  a  vacuum-Jacketed  vessel, 
partly  tilled  with  liquid  air,  in  which  a  seeona  vessel,  S,  was 
immersed.  From  the  bottom  of  i?  a  tube,  a,  passed  up 
•  Proc  Roy.  Soc.,  vol.  livii,  p.  *fiT ;  this  Journal,  li,  164. 
Ah.  Jodb.  Set.— Fodbtb  Sbbies,  Vol.  XT,  ITo.  69.— Sbftbubeb,  1901. 
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through  the  rubber  cork  which  closed  Aj  and  from  the  top  of 
J3  a  second  tube,  J,  passed  through  the  cork  and  on  to  the  rest 
of  the  apparatus.  Each  of  these  tubes  had  a  stopcock,  m  and 
w,  and  the  end  of  tube  a  was  open  to  the  air.  A  wider  tube 
also  passed  through  the  cork  oi  A  and  led  to  an  air-pump, 
whereby  the  pressure  above  the  liquid  air  in  A  Was  reduced, 
and  the  temperature  of  the  liquid  reduced  by  the  consequent 
evaporation.  To  keep  the  inner  vessel,  -o,  covered  with 
liquid,  a  fourth  tube,  r,  passed  through  the  cork,  and  its  lower 
end,  furnished  with  a  valve,  p^  which  could  be  opened  and 
closed  by  the  handle  j,  dipped  into  liquid  air  contained  in  the 
vessel  C  As  the  pressure  above  the  liquid  in  A  was  less  than 
that  of  the  atmosphere,  on  opening  the  valve  p  some  of  the 
liquid  air  was  forced  through  r  into  A  by  the  pressure  of  the 
atmosphere,  and  in  this  way  the  level  or  liquid  in  A  main- 
tained at  the  required  height. 

Since  £  was  maintained  at  the  temperature  of  liquid  air 
boiling  at  reduced  pressure,  the  air  it  contained  condensed  on 
its  sides,  and  when  the  stopcock  ??  was  closed  and  m  opened 
more  air  passed  in  through  the  open  end  of  a,  and  was  in  turn 
condensed.  In  this  way  £  could  be  filled  completely  with 
liquid  air,  the  whole  of  the  most  volatile  gases  being  retained 
in  solution  in  the  liquid. 

The  tube  J,  passing  from  the  top  of  jB,  was  connected  with 
a  three-way  stopcock  d,  by  which  it  could  be  put  in  communi- 
cation with  the  closed  vessel,  Z>,  or  with  the  tube  ^,  and  bj 
which  also  D  and  e  could  be  connected.  The  tube  e  passed 
down  nearly  to  the  bottom  of  the  vacuum-jacketed  vessel  JF, 
and  out  again  through  the  cork ;  and  so  on  to  a  gauge ^Z",  and 
through  a  sparking  tube  ^  to  a  mercury  pump  i^.*  Tne  stop- 
cock n  being  still  closed,  the  whole  of  the  apparatus  between 
n  and  the  pump,  including  the  vessel  D,  was  exhausted,  and 
liquid  hydrogen  introduced  into  JK  The  three-way  cock  d 
was  then  turned  so  as  to  connect  h  with  D^  and  close  «,  and 
then  71  opened.  JS  was  thereby  put  in  communication  with  D, 
which  was  at  a  still  lower  temperature  than  jB,  and  the  gas 
dissolved  in  the  liquid  in  jB,  along  with  some  of  the  most  vola- 
tile part  of  that  lianid,  distilled  over,  and  the  latter  condensed 
in  a  solid  form  in  1).  When  a  small  fraction  of  the  liquid  in 
B  had  thus  distilled,  the  stopcock  d  was  turned  so  as  to  close 
the  communication  between  D  and  J  and  open  that  between 
IJ  and  e.  Gas  from  D  passed  into  the  vacuous  tubes,  but  in 
so  doing  it  had  to  pass  through  the  portion  of  e  which  was 
immersed  in  liquid  hydrogen,  so  that  condensible  matter  car- 
ried forward  by  the  stream  of  gas  was  frozen  out. 

*  The  Sprengel  ia  figure  is  simply  diagrammatic. 
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For  separating  the  least  volatile  part  of  the  gases,  the  vessel 
E,  with  its  contents,  was  dispensed  with,  and  the  tube  h  made  to 
commnnicate  directly  with  that  connected  with  the  gauge, 
sparking  tube,  and  pump;  and  generally  several  sparking  tubes 
were  interposed  between  the  gauge  and  pump,  so  that  they 
could  be  sealed  off  successively.  The  bulk  of  the  liquid  in  B 
consisted  of  nitrogen  and  oxygen.  These  were  allowed  grad- 
ually to  evaporate,  the  temperature  of  B  being  still  kept  low 
60  as  to  check  the  evaporation  of  the  gases  less  volatile  than 
oxygen.  When  a  great  part  of  the  nitrogen  and  oxygen  had 
thus  been  removed,  the  stopcock  n  was  closed,  and  the  tubes 
partially  exhausted  by  the  pump,  electric  sparks  passed  through 
jr,  and  the  gases  examined  spectroscopically.  More  gas  was 
then  evaporated  from  B^  and  the  spectroscopic  examination 
repeated  from  time  to  time. 

The  general  sequence  of  spectra,  omitting  those  of  nitrogen, 
hydrogen,  and  compounds  of  carbon,  which  were  never  entirely 
removed  by  the  process  of  distillation  alone,  was  as  follows  : 
The  spectrum  of  argon  was  first  noticed,  and  then  as  the  dis- 
tillation proceeded  the  brightest  rays,  green  and  yellow,  of 
krypton  appeared,  and  then  the  intensity  of  tlie  argon  spec- 
trum waned,  and  it  gave  way  to  that  of  krypton  until,  as  pre- 
dicted by  Rnnge,  when  a  Leyden  jar  was  in  the  circuit,  the 
capillary  part  of  the  sparking  tube  had  a  magnificent  blue 
color,  while  the  wide  ends  were  bright  pale  yellow.  Without 
a  jar  the  tube  was  nearly  white  in  the  capillary  part,  and  yel- 
low about  the  poles.  As  the  distillation  proceeded,  the  tem- 
perature of  the  vessel  containing  the  residue  of  liquid  air 
being  allowed  to  rise  slowly,  the  brightest  of  the  xenon  rays 
began  to  appear,  namely,  the  green  rays  about  X  5420,  5292, 
and  4922,  and  then  the  krjpton  rays  soon  died  out  and  were 
Buperseded  by  the  xenon  rays.  At  this  stage  the  capillary  part 
of  the  sparking  tube  is,  with  a  iar  in  circuit,  a  brilliant  green ; 
and  is  still  green,  though  less  brilliant,  without  the  jar.  The 
xenon  formed  the  final  fraction  distilled. 

Subsequently  an  improved  form  of  apparatus  was  used  for 
the  fractionation.  It  is  represented  in  fig.  2.  A  gasholder 
containing  the  gases  to  be  separated,  that  is  to  say,  the  least 
volatile  part  of  atmospheric  air,  was  connected  with  the  appa- 
ratus by  the  tube  a,  furnished  with  a  stopcock  c.  This  tube 
passed  on  to  the  bulb  B^  which  in  turn  communicated  through 
the  tube  h  and  stopcock  d  with  a  sparking  tube,  and  so  on 
:hrough  the  tube  ^,  with  a  mercurial  pump.  Stopcock  ^7 being 
closed  and  c  opened,  gas  from  the  holder  was  allowed  to  pass 
nto  jB,  maintained  at  low  temperature,  and  there  condensed  in 
;he  solid  form.  Stopcock  c  was  then  closed  and  d  opened,  and 
ras  from  B  allowea  to  pass  into  the  exhausted  tubes  between 
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B  and  the  pnmp.  The  tube  e  was  partly  immerBed  in  liqnid 
air  in  order  to  condense  vapor  of  mercnry,  which  would  other- 
wise pase  from  the  pmnp  into  the  Bparkinj;  tube.  The  gas 
passing  into  the  sparking  tube  would,  of  course,  have  a  pres- 
sure corresponding  to  the  temperature  of  3^  and  this  was 
further  ensured  by  making  the  connecting  tube  pass  through 
the  liqnid  in  which  B  was  immersed.  The  success  of  the 
operation  of  separating  nil  the  gases  which  occur  in  air  and 
which  boil  at  different  temperatures  depends  on  keeping  the 


i/Nun^ 


temperature  of  B  as  low  as  possible,  as  will  be  seen  from  tbe 
following  consideration  : — 

The  pressure  p,  of  a  gas  G,  above  the  same  material  in  the 
liquid  state,  at  temperature  T,  is  given  approximately  h;  tbe 
formula 

where  A  and  B  are  constants  for  tho  same  material.     For 
some  other  gas  G'  tho  formula  will  be 

log/',  =^,-  y. 


Now  for  argon,  krypton,  and  xenon  respectively  the  values  of 
A  are  6-783,  6-972,  and  6963,  and  those  of  B  are  389,  496-3, 
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and  669*2;   so    that  for  these  sabstances   and   many  others 

jy  jy 

A—A^  is  always  a  small  quantity,  while  — ^^  -  is  considerable 

and  increases  as  T  diminishes.  Hence  the  ratio  of  p  to  p^ 
increases  rapidly  as  T  diminishes,  and  by  evaporating  all  the 
gases  from  the  solid  state  and  keeping  the  solid  at  as  low  a 
temperature  as  possible,  the  gas  first  coming  off  consists  in  by  far 
the  greatest  part  of  that  which  has  the  lowest  boiling  point,  which 
in  this  case  is  nitrogen,  and  is  succeeded,  with  comparative  abrupt- 
ness, by  the  gas  which  has  the  next  higher  boiling  point.  The 
change  from  one  gas  to  another  is  easily  detected  oy  examining 
the  spectrum  in  the  sparking  tube,  and  the  reservoirs  into  which 
the  gases  are  pumped  can  be  changed  when  the  spectrum 
changes,  and  the  fractions  separately  stored.  Or,  if  several 
sparking  tubes  are  interposed  in  such  a  way  as  to  form  parallel 
communications  between  the  tubes  b  and  e,  any  one  of  them 
can  be  sealed  off  at  any  desired  stage  of  the  fractionation. 

The  variation  of  the  spectra  of  both  xenon  and  krypton 
with  variation  in  the  character  of  the  electric  discharge  is  very 
striking,  and  has  already  been  the  subject  of  remark,  in  the 
case  of  krypton,  by  Runge,  who  has  compared  krypton  with 
argon  in  its  sensitiveness  to  changes  in  the  electric  discharge. 
Runge  distinguishes  krypton  rays  which  are  visible  without  a 
jar  and  those  which  are  only  visible  with  a  jar  discharge.  The 
difference  in  the  intensity  of  certain  rays,  according  as  the  dis- 
charge is  continuous  or  oscillatory,  is  no  doubt  very  marked, 
but,  with  rare  exceptions,  we  have  found  that  the  rays  which 
are  intensified  by  the  oscillatory  discharge  can  be  seen  with  a 
continuous  discharge  when  the  slit  of  the  spectroscope  is  wide. 
Runge  used  a  grating,  whereas  we  have,  for  the  sake  of  more 
light,  used  a  prism  spectroscope  throughout,  and  were  there- 
fore able  to  observe  many  more  rays. 

There  is  one  very  remarkable  change  in  the  xenon  spectrum 
produced  by  the  introduction  of  a  jar  into  the  circuit.  With- 
out the  jar  xenon  gives  two  bright  green  rays  at  about  X4917 
and  X  4924,  but  on  putting  a  jar  into  the  circuit  they  are 
replaced  by  a  single  still  stronger  ray  at  about  X  4922.  In  no 
otner  case  have  we  noticed  a  change  so  striking  as  this  on 
merely  changing  the  character  of  the  discharge.  Changes  of 
the  spectrum  by  the  introduction  of  a  jar  into  the  circuit  are, 
however,  the  rule  rather  than  the  exception,  and  there  are 
changes  in  the  spectrum  of  krypton  which  seem  to  depend  on 
other  circumstances.  In  the  course  of  our  examination  of 
many  tubes  filled  with  krypton  in  the  manner  above  indicated, 
we  have  found  some  of  them  to  give  with  no  jar  the  green  ray 
X5571,  the  yellow  ray  X  5871,  and  the  red  ray  X  7600  very 
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bright,  while  other  rays  are  very  few,  and  those  few  barely 
visible.  Putting  a  jar  into  the  circuit  makes  very  little  differ- 
ence; the  three  rays  above  mentioned  remain  much  the 
brightest,  nearly,  though  not  quite,  so  bright  as  before,  and  the 
blue  rays,  so  conspicuous  in  other  tubes,  though  strengthened 
by  the  use  of  the  jar,  are  still  very  weak.  In  other  tubes  the 
extreme  red  ray  is  invisible,  the  rays  at  X  5571  and  5871  abso- 
lutely, as  well  as  relatively,  much  feebler,  while  the  strong  blue 
rays  are  bright,  even  brighter  than  the  green  and  yellow  rays 
above  named.  In  one  tube  the  blue  rays  could  be  seen,  though 
not  the  others.  This  looks  very  much  as  if  two  different  gases 
were  involved,  but  we  have  not  been  able  to  assure  ourselves 
of  that.  The  case  seems  nearly  parallel  with  that  of  hydrogen. 
There  are  some  hydrogen  tubes  which  show  the  second  spec- 
trum of  hydrogen  very  bright,  and  others  which  show  only 
the  first  spectrum  ;  the  second  spectrum  is  enfeebled  or  extin- 
guished by  introducing  a  jar  into  the  circuit,  while  the  first 
spectrum  is  strengthened  ;  and  the  conditions  which  determine 
tlie  appearance  of  the  ultra-violet  series  of  hydrogen  rays  have 
not  yet  been  satisfactorily  made  out. 

It  is  to  be  noted  that  putting  the  jar  out  of  circuit  does  not 
in  general  immediately  reduce  the  brightness  of  the  rays  which 
are  strengthened  by  the  jar  discharge.  Their  intensity  fades 
gradually,  and  is  generally  revived,  more  or  less,  by  reversing 
the  direction  of  the  current,  but  this  revival  gets  less  marked 
at  each  reversal  until  the  intensity  reaches  its  minimum.  The 
rays  strengthened  by  the  jar  discharge  also  sometimes  appear 
bright,  without  a  jar,  on  first  passing  the  spark  when  the  elec- 
trodes are  cold,  and  fade  when  the  electrodes  get  hot,  reappear- 
ing when  the  tube  has  cooled  again.  Moreover,  if  the  dis- 
charge be  continued  without  a  jar,  the  resistance  in  the 
krypton  tubes  increases  rather  rapidly;  the  tube  becomes  much 
less  luminous  and  finally  refuses  to  pass  the  spark.  With  an 
oscillatory  discharge  the  passage  of  the  spark  and  the  bright- 
ness of  the  rays  are  much  more  persistent.  This  seems  to 
point  to  some  action  at  the  electrodes,  which  is  more  marked 
in  the  case  of  krypton  than  in  that  of  xenon. 

The  wave-lengths  of  the  xenon  and  krypton  rays  in  the  tables 
below  were  determined,  in  the  visible  part  of  the  spectrum, 
with  a  spectroscope  having  three  white  flint-glass  prisms  of  HO^ 
each,  by  reference  to  the  spark  spectrum  of  iron,  except  in  the 
cases  of  the  extreme  red  ray  of  krypton,  which  was  referred  to 
the  flame  spectrum  of  potassium,  and  its  fainter  neighbor, 
which  we  saw  but  did  not  measure.  The  indigo,  violet,  and 
ultra-violet  rays  were  measured  in  photographs,  taken  with 
quartz  lenses  and  two  calcite  prisms  of  60°  each.  The  spec- 
trum of  the  iron  spark  was  photographed  at  the  same  time  as 
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that  of  the  tnbe,  the  former  being  admitted  through  one-half 
of  the  slit,  and  the  latter  through  the  other  half. 

The  xenon  spectrum  is  characterized  by  a  group  of  four 
conspicuous  orange  rays  of  about  equal  intensities,  a  group  of 
very  bright  green  rays  of  which  two  are  especially  conspicu- 
ous, and  several  very  bright  blue  rays.  The  only  list  of  xenon 
rays  we  have  seen  is  that  published  by  Erdmann,  with  which 
our  list  does  not  present  any  close  agreement  except  as  to  the 
strongest  green  lines.  The  number  of  xenon  rays  we  have 
observed  is  very  considerable,  and  some  of  them  lie  very  near 
to  rays  of  the  second  spectrum  of  hydrogen,  but  inasmuch  as 
these  rays  are  more  conspicuous  with  a  jar  in  circuit  than  with- 
out, which  is  not  the  character  of  the  second  spectrum  of 
hydrogen,  and,  moreover,  many  of  the  brightest  of  the  hydro- 
gen rays  are  absent  from  the  spectrum  of  the  tubes,  we  con- 
clude that  these  rays  are  not  due  to  hydrogen.  Certain  rays, 
which  we  have  tabulated  separately,  have  been  as  yet  observed 
in  only  one  tube:  they  include  a  very  strong  ultra-violet  ray 
of  unknown  origiil,  and  due  either  to  some  substance  other 
than  xenon,  or  to  some  condition  of  the  tube  which  has  not 
been  repeated  in  the  other  tubes. 

Our  krypton  rays  agree  much  more  closely  with  Runge's 
list,  but  outnumber  his  very  considerably,  as  might  be  expected 
when  prisms  were  used  instead  of  a  grating.  Prisms,  of  course, 
cannot  compete  with  gratings  in  the  accuracy  of  wave-length 
determinations.  We  think  that  the  krypton  used  by  Runge 
must  have  contained  some  xenon,  and  that  the  rays  for  which 
he  gives  the  wave  lengths  5419-38,  5292-37,  and  4844-58  were 
really  due  to  xenon,  as  they  are  three  of  the  strongest  rays 
emitted  by  our  xenon  tubes,  and  are  weak  in,  and  in  some 
cases  absent  from,  the  spectra  of  our'krypton  tubes. 

Tables  of  the  approximate  Wave-lengths  of  Xenon  and  Krypton 

Hays. 

Rays  observed  only  with  a  Leyden  jar  in  circuit  have  a  * 
prefixed,  those  observed  only  when  no  Leyden  jar  was  in  cir- 
cuit have  a  f  prefixed. 

The  intensities  indicated  are  approximately  those  of  the  rays 
when  a  jar  is  in  circuit,  except  in  the  case  of  the  two  rays  to 
which  a  f  is  prefixed,  which  are  not  seen  when  a  jar  is  in  cir- 
cuit. Rays  which  are  equally  intense  whether  a  jar  is  in 
circuit  or  not  have  a  ||  prefixed  to  the  number  indicating  their 
intensities ;  those  which  are  less  intense  with  a  jar  than  with- 
out have  a  <  prefixed  to  the  number  expressing  their  intensi- 
ties. The  rest  are,  in  general,  decidedly  more  intense  with  a 
jar  than  without. 
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Xenon 

Ray8, 

Wave- 
length. 

Intensity. 

Wave- 
length. 

Intensity. 

Wave- 
length. 

Intensity. 

Wave- 
length. 

Intensity. 
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2 
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62 
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72 
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58 

2 
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H 

63 

2 

55 

1 

45 

*     22 

8 
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20 

lU 
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H 

45 

10 

49 

1 

02 
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8 
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66 
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44 

10 

09 

8 

11 

3 
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6 

30 
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04 
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07 

1 

51 

6 

23 

3 

01 

1 

01 

1 

36 

5 
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3 
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1 
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6 

07 

^1 

93 
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87 

1 

72 
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81 

10 

83 

1 

46 
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87 

2 
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1 

81 

6 

35 

<l 

79 
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3 

06 
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3 
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4 
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<2 
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1 
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3 
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17 

02 

8 
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Wave-lengths  of  rays  of  unknown  origin  observed  in  the 
spectrum  of  one  tube  containing  xenon  but  not  present  in  the 
spectrum  of  other  tubes  : — 


Wave- 
length. 

Intensity. 

1      Wave- 
length. 

4063 

Intensity. 

Wave- 
length. 

Intensity. 

Wave- 
length. 

Intensity. 

4689 

^^^ 

3890 

1 

3741 

4 

4071 

1 

11 

1 

;          72 

1 

3684 

10 

67 

1 

3998 

I          1 

1      3791 

5 

3573 

2 

Krypton  Rays. 

Wave- 
length. 

Intensity. 

Wave- 
length. 

Intensity. 

Wave- 
length. 

Intensity. 

Wave- 
length. 

3859 

Intensity. 
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8 

5186 

1 

4387 

3 

1 
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1 
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3 

58 
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06 
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<4 

34 

1 

4293 

10 

05 

3 

63U5 

3 

23 

4 

83 
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10 
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14 
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79 

8 
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72 

4 
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1 

60 
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3 

36 

3 
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5 

72 

1 
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4 
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26 

3 

45 

8 

22 

5 
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2 
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3 
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2 
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10 
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5 
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4 
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2 
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4 
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2 

00 

6 
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2 
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03 

1 

00 

1 

62 

1 

' 

X  This  is  taken  from  Runge's  number  for  the  wave-  length  omitting  the  frac- 
tion. 
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Art.  XXV. — l^he  Estimation  of  Calcium^  Strontium j  and 
Barium^  as  the  Oxalates :  by  Charles  A.  Peters. 

fCoDtributioDS  from  the  Kent  Chemical  Laboratory  of  Yale  Universiiy — CL] 

A  former  article  from  this  laboratory*  describes  the  condi- 
tions under  which  oxalic  acid  may  be  titrated  by  potassinm 
permanganate  in  the  presence  of  hydrochloric  acid,  and  states 
that  the  extra  consumption  of  permanganate  which  ordinarily 
takes  place  when  oxalic  acid  is  titrated  by  permanganate  in 
the  presence  of  hydrochloric  acid,  may  be  prevented  by  the 
addition  of  a  manganous  salt.  This  fact  led  to  the  idea  of 
effecting  the  solution  of  the  alkaline  earth  oxalates  in  hydro- 
chloric acid  and  titrating  the  free  oxalic  acid  with  perman- 
ganate in  the  presence  of  a  manganous  salt,  and  so  to  the  study 
of  the  conditions  under  which  precipitates  of  strontium  and 
barium  oxalates  could  be  obtained  sufficiently  insoluble  for 
quantitative  purposes,  the«  conditions  under  which  calcium 
oxalate  is  insoluble  being  already  known. 

The  permanganate  solution  was  standardized  against  freshly 
recrystallized  ammonium  oxalate,  and  on  oxalic  acid,  the 
standards  agreeing. 

Calcium  Oxalate, 

It  is  well  known  that  calcium  may  be  estimated  by  treating 
the  precipitated  oxalate  with  sulphuric  acid  and  titrating  by 
permanganate  the  oxalic  acid  set  f  ree.f  In  the  work  described 
in  the  present  article,  the  precipitate  of  calcium  oxalate  has 
been  dissolved  in  hydrochloric  acid  and  the  oxalic  acid  titrated 
by  permanganate  in  the  presence  of  a  manganous  salt.  The 
process  was  as  follows:  The  boiling  hot  solution  of  calcium 
chloride  was  precipitated  with  ammonium  oxalate,  allowed  to 
stand  12  hours,  and  the  supernatant  liquid  decanted  on  asbes- 
tos. The  precipitate  was  washed  two  or  three  times  by  decaa- 
tation  with  oO-lOO^"''  of  cold  water  and  brought  on  the  felt. 
TlijB  crucible  containing  tiie  precipitate  was  returned  to  the 
beaker,  100-200^'"'  of  water  were  added,  together  with  S-IO*^"' 
of  strong  hydrochloric  acid  and  O'5-l'O  gm.  of  manganous 
chloride,  and  the  oxalic  acid  was  titrated  at  a  temperature  of 
35°-4r5°.  The  ^results  given  in  Table  I  are  obviously  excel- 
lent, and  show  that  calcium,  taken  as  the  oxalate,  may  be  esti- 
mated by  potassium  permanganate  in  the  presence  of  hydro- 
chloric acid  and  a  manganous  salt. 

Extended  washing  with  hot  water,  however,  is  to  be  avoided 
after  the  precipitant,  ammonium  oxalate,  has  been  removed. 

*  GoocU  and  Peters,  this  Jourual,  vii,  466. 
t  Mohr,  Titrirmethode,  6^-^  Aufl.,  s.  227. 
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Table  I. 


CaO, 

Volume 

taken  as 

AromoDium 

at 

CaO 

CaCl,. 

oxalate. 

precipitatioD. 

found. 

Error. 

grm. 

grm. 

cm*. 

grm. 

grm. 

0-0656 

0-3 

100 

00657 

+  0-0001 

(( 

u 

100 

00656 

0-0000 

(( 

(C 

150 

0*0658 

+  0-0002 

<( 

tc 

100 

0-0655 

— o-oooi 

0-0985 

Oj5 

175      . 

0-0981 

—  00004 

0-1313 

0-6 

150 

0-1315 

+  0-0002 

(( 

(( 

200 

0-1315 

+  00002 

In  one  experiment,  for  example,  in  which  the  precipitate,  on 
the  felt,  was  washed  fourteen  times  with  portions  of  about 
50^*  each  of  hot  water,  each  portion  blea<;hed  from  2-6  drops 
of  approximately  one-tenth  normal  permanganate,  making  a 
total  loss  of  0-0034  srrm.  of  calcium  oxide. 


Strontium  Oxalate, 

Souchay  and  Lenssen*  state  that  strontium  oxalate  is  soluble 
in  12,000  parts  of  water.  This  fact  seemed  sufficient  to  war- 
rant the  study  of  the  quantitative  separation  of  strontium  as 
the  oxalate.  In  the  work  which  follows  strontium  oxalate  has 
been  precipitated  both  in  alcoholic  solution  and  in  water  solu- 
tion, and  for  convenience  these  two  conditions  of  precipitation 
will  be  discussed  separately.  All  the  strontium  salts,  of  estab- 
lished purity,  were  standardized  by  precipitation  with  sul- 
phuric acid  in  a  solution  containing  at  least  one-half  its  volume 
of  alcohol,  and  with  some  solutions  confirmatory  standards 
were  also  obtained  by  evaporization  with  sulphuric  acid. 

Precipitation  in  Alcoholic  Solution. — To  determine  the 
completeness  of  the  precipitation  in  alcoholic  solution  stron- 
tium nitrate  was  precipitated  by  ammonium  oxalate  in  a  solu- 
tion containing  one-third  of  its  volume  of  alcohol,  the  mixture 
was  allowed  to  stand  over  nig^ht,  the  liquid  was  filtered  off  on 
asbestos,  and  the  precipitate  was  treated  in  the  capped  filtering 
crucible  with  sulphuric  acid,  ignited,  and  weighed  as  the 
sulphate. 

The  results  are  given  in  Table  II. 

It  is  plain  from  the  results  recorded  in  this  table  that  the 
precipitation  of  even  small  amounts  of  the  strontium  salt  from 
a  solution  containing  one-third  of  its  volume  of  alcohol  is  prac- 
tically complete. 

To  determine  the  minimum  amount  of  alcohol  necessary  for 
the  complete  precipitation  of  the  strontium  oxalate,  experi- 

*  Ann.  der  Chem.  (Liebig),  cii,  35. 
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Table  II. 

SrO, 

Volume 

Volume 

SrO, 

taken  as 

Ammonium 

at 

of 

found 

Sr(NO,)a. 

oxalate. 

precipitation. 

alcohol. 

as  SrS04. 

DifEeronce. 

grm. 

grm. 

cm*. 

grm. 

grm. 

0-2434 

0-8 

180 

* 

0-2440 

+  0-0006 

0-2434 

0-8 

<( 

K 

0-2437 

+  0-0003 

0-0022 

0-2 

100 

(( 

0-0022 

o-oooo 

0-0013 

0-2 

<( 

U 

0-0014 

+  0-0001 

0-0004 

0-04 

• 

li 

.0  0004 

O-oooo 

ments  were  made  using  varying  proportions  of  85  per  cent 
alcohol  with  different  amounts  of  ammonium  oxalate,  and  the 
filtrates  from  such  experiments  were  tested  for  strontium  by 
the  addition  of  more  alcohol. 

The  results  are  given  in  Table  HI. 


Table  III. 

SrO, 

SrO  found 

present 

as 
Sr(NO.),. 

Ammonium 
oxalate. 

Volume 
of 
liquid. 

Proportion 
of  85^ 
alcohol. 

iu  filtrate, 
weighed 
as  RrSOi. 

grm. 

grm. 

cm*. 

grm. 

(  01 

0-4 

100 

i 

0-0000 

" 

<( 

« 

iV 

0-0000 

i    " 

(( 

it. 

y'o 

0-0004 

(  01 

0-2 

<( 

i 

0  0000 

]    " 

« 

« 

iV 

0-0009 

(    " 

C( 

« 

iV 

0-0020 

(  O'l 


0-1 


C( 


0-0002 


The  results  in  Table  III  show  that  when  a  moderate  excess 
of  ammonium  oxalate  is  present,  a  volume  of  85  per  cent 
alcohol,  amounting  to  one-fifth  of  the  whole,  is  sufficient  to 
complete  the  precipitation  of  the  strontium  as  the  oxalate. 

The  conditions  under  which  strontium  oxalate  is  insoluble 
having  been  determined,  the  process  for  the  volumetric  estima- 
tion of  strontium  was  carried  out  as  follows:  The. hot  solution 
of  a  strontium  salt  was  precipitated  with  ammonium  oxalate, 
85  per  cent  alcohol,  amounting  to  from  one-fifth  to  one-third  the 
total  volume,  was  added,  the  mixture  was  allowed  to  stand  over 
night,  and  the  clear  liquid  was  decanted  on  an  asbestos  filter. 
The  precipitate  was  washed  with  a  mixture  of  equal  parts  of 
85  per  cent  alcohol  and  water,  transferred  to  the  filter,  dried  in 
the  filtering  crucible  over  a  flame  to  free  it  from  alcohol, 
returned  to  the  beaker  previously  dried,  treated  with  sulphuric 
acid,  or  with  5-10^™'  of  hydrochloric  acid  (in  the  latter  case 
0-5-1-0  gm.  of  a  manganous  salt  being  added)  and  the  liberated 
oxalic  acid  was  titrated  by  permanganate.  The  results  obtained 
by  this  method  are  accurate  and  are  given  in  Table  IV. 
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Table  IV. 

. 

Volume  during  titration 

150-260"»3 

• 

SrO, 

Volume 

taken 

Ammo- 

at 

Propor- 

Acid 

as 

nium 

precipi- 

tion of 

present 

SrO 

Sr(NO,),. 

oxalate. 

tation. 

B6% 

during 

found. 

Error. 

grm. 

grm. 

cm^. 

alcohol. 

titration. 

grm. 

grm. 

00974 

0-4 

100 

i 

HCl 

0-0973 

—  0-0001 

(( 

(( 

iC 

<» 

(( 

0-0983 

+  0-0009 

i( 

<( 

€( 

rt 

(( 

0-0975 

4-0-0001 

(( 

0-8 

l( 

(( 

i( 

0-0981 

+  0-0007 

01948 

0-4 

200 

(C 

u 

0-1943 

—  0-0005 

<i 

0-8 

^i 

(( 

(( 

0-1942 

—  0-0006 

0-0974 

0-4 

100 

i 

H,SO, 

0-0970 

—0-0004 

(( 

u 

(( 

•     i 

(( 

0-0977 

+  0-0003 

{( 

ti 

(( 

ii 

C( 

0  0976 

+  0-0002 

0-1948 

0-6 

150 

(( 

(C 

0-1938 

-0-0010 

In  the  last  experiment  in  which  a  comparatively  large 
amount  of  strontium  salt  was  present  and  the  dilution  low, 
there  is  a  slight  tendency  towards  a  minus  error  due  probably 
to  the  occlusion  of  some  oxalic  acid  by  the  strontium  sulphate 
formed.  This  phenomenon  would  favor  titration  at  greater 
dilution  when  sulphuric  acid  is  used  to  liberate  the  oxalic  acid 
from  large  amounts  of  strontium  oxalate. 

Precipitation  in  Water  Solutio7i. — In  order  to  determine 
the  degree  of  precipitation  of  strontium  salts  in  water  solution, 
00974  grm.  of  strontium  oxide,  taken  as  the  nitrate,  was  pre- 
cipitated by  ammonium  oxalate,  the  mixture  was  allowed  to 
stand  over  night,  filtered  on  asbestos,  the  precipitate  was 
washed  with  water  containing  one-half  of  its  volume  of  85  per 
cent  alcohol,  treated  in  the  capped  crucible  with  a  few  drops 
of  sulphuric  acid,  ignited,  and  weighed  as  the  sulphate.  The 
result  gave  0*0973  grm.  of  strontium  oxide.  Tne  precipita- 
tion, therefore,  of  strontium  9xalate,  in  water  solution  with  a 
sufiJcient  excess  of  ammonium  oxalate  present,  is  practically 
complete. 

To  determine  the  amount  of  ammonium  oxalate  necessary 
for  the  precipitation  of  strontium  salts  in  water  solution, 
experiments  were  made  in  which  strontium  oxalate  was  pre- 
cipitated in  the  presence  of  varying  amounts  of  ammonium 
oxalate,  allowed  to  stand  over  night,  the  clear  liquid  was 
decanted  on  asbestos,  and  the  precipitate  was  washed  two  or 
three  times  with  10-20°°**  of  cold  water.  The  results  obtained 
by  the  estimation  of  the  oxalic  acid  by  permanganate  show 
that  an  amount  of  ammonium  oxalate  several  times  larger  than 
that  required  for  the  theoretical  formation  of  strontium  oxalate 
is  necessary  for  the  separation  of  the  strontium  oxalate.  The 
experiments  are  recorded  in  Table  V. 
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• 

SrO, 
taken  as 
Sr(NO,)a. 

grm. 

0-0487 

Ammonium 

oxalate. 

grm. 

0  064 

Table  V 
Volume 
at 
precipitation, 
cm*. 
100 

• 

Acid 

present 

during 

titration. 

H,SO, 

SrO 
found, 
grm. 
00441 

(C 

0-0768 

0  0465 

cc 

0-16 

0-0488 

0-0974 

0-128 

0-0989 

(C 

0-16 

00959 

C( 

0-32 

0-0976 

Error, 
grm. 

—  0-0046 

—  0-0022 

—  00001 
—0-0025 

—  00015 
4-0O001 

The  solvent  action  of  a  large  amount  of  water  on  a  precipi- 
tate of  strontium  oxalate  was  tested  by  washing  a  precipitate 
equivalent  to  0-0974  grm.  of  the  oxide  with  150*^°*"  of  cold 
water.     The  precipitate,  when  weighed  as  the  sulphate,  showed 
a  loss  of  0-0033  grm.  as  the  oxide,  which  amount  was  subse- 
quently recovered  from  the  filtrate  by  the  addition  of  ammo- 
nium oxalate  and  alcohol.     Plainly   excessive  washing  with 
water  is  to  be  avoided.     In  the  estimation,  therefore,  of  stron- 
tium when  precipitated  as  the  oxalate  in  water  solution  the 
amount  of  water  used  in  washing  was  limited.   It  was  found  that 
30-40'='"'  of  water  judiciously  applied  was  sufficient  to  wash  out 
the  ammonium   salt    without    producing   appreciable   solvent 
effect  upon  the  strontium  oxalate. 

The  process  of  treatment  was  similar  to  that  used  in  the 
precipitations  from  alcoholic  solution,  excepting  that  no  alco- 
hol was  added  to  the  solution,  that  the  washing  was  effected 
with  a  limited  aojount  of  water,  and  that,  there  being  no  alcoliol 
present  to  affect  the  titration,  the  precipitate  was.  not  dried 
before  treatment  with  permanganate.     The  results  are  given  in 

Table  VI. 

Table  VI. 


SrO, 

Volume 

Acid 

taken  as 

Ammonium 

at 

present 

SrO 

Sr(X0,)a. 

oxalate. 

precipitation. 

during 

found. 

Error. 

grm. 

grm. 

cm'*. 

A 
100 

titration. 

grm. 

grm. 

0-0974 

0-5 

H,SO, 

0-0966 

-.0-0008 

« 

(( 

(( 

0-0985 

H-O-OOll 

i( 

u 

(( 

C( 

0-0977 

4-0-0003 

(( 

(C 

(( 

(( 

0-0963 

— OOOll 

(% 

0-8 

(( 

6i 

00981 

-f-  O'OOOi 

(( 

(( 

a 

i( 

0-0966 

—  OO008 

a 

1-0 

i( 

(( 

0-0965 

—  OO009 

n 

2  0 

i( 

((. 

0-0963 

—0-001 1 

n 

(( 

C( 

(( 

0-0970 

—0-0004 

0-0778 

0-5 

(( 

(( 

0-0792 

+  O-O0U 

(( 

(< 

(( 

U 

0-0767 

—0  0011 

(( 

n 

(( 

(C 

00'776 

^0-0002 

(( 

C€ 

tc 

(C 

0-0776 

— O-OO02 

0-0974 

0-8 

250 

« 

0-0973 

+  00001 

<• 

2-0 

C( 

i( 

00975 

— o-oooi 
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SrO, 

Volume 

Acid 

taken  as 

Ammonium 

'     at 

present 

SrO 

SrCl,. 

oxalate. 

precipitation. 

during 

found. 

Error. 

grm. 

grm. 

cm*. 

titration. 

grm. 

grm. 

0-0974 

0-8 

XJ 

100 

HCl 

0-0971 

—  0-0003 

C( 

(€ 

C( 

CC 

0-0980 

+  00006 

(( 

(C 

« 

Ck 

0*0975 

+  0-0001 

c 

(( 

C( 

Cl 

0-0980 

+  0-0006 

(C 

« 

C( 

cc 

0-0973 

—  0-0001 

C( 

C( 

C 
125 

cc 

0-0978 

+  0-0004 

0-2425 

0-384 

H,SO, 

0-2376 

-0-0049 

0-2436 

(( 

u 

CC 

0-2402 

—  00034 

{( 

0-64 

cc 

cc 

0-2411 

—  00025 

i< 

0-8 

cc 

cc 

0-2367 

—0-0069 

a 

2-0 

C( 

cc 

0-2376 

—  0  0060 

(( 

u 

D 
250 

cc 

0-2402 

—  00034 

0-2436 

0-8 

H,SO. 

0-2443 

+  0-0007 

({ 

« 

c; 

CC 

0-2446 

+  00010 

(( 

2-0 

cc 

C( 

0-2440 

+  0-0004 

(( 

(< 

C( 

E 
500 

cc 

0  2431 

—0-0005 

0-2436 

0-8 

H,SO. 

0-2390 

—  0-0040 

<( 

2  0 

c< 

CC 

0-2403 

—00033 

cc 

2-0 

cc 

cc 

0-2413 

—  0-0023 

(< 

4-0 

cc 

ti 

0-2410 

—  0-0026 

(( 

8-0 

cc 

cc 

0-2407 

—  00029 

0-4872 

20 

cc 

c; 

0-4837 

—  0-0036 

(C 

4-0 

cc 

<c 

0-4855 

—  00017 

0-5430 

50 

<i 

cc 

0-5422 

—  0-0008 

0-4579 

10-0 

cc 

cc 

0-4554 

-0-0025 

0-7307 

5-0 

cc 

HCl 

0-7262 

—  0-0045 

In  the  experiments  recorded  in  section  A  of  Table  VI,  the 
strontiam  oxalate  was  treated  with  sulphuric  acid  and  titrated 
at  80°,  the  volume  being  200-300*™* ;  while  in  the  experiments 
given  in  section  B,  the  precipitate  was  treated  with  hydro- 
chloric acid  and  titrated  at  35°-45°,  at  a  volume  of  100-200^™", 
after  the  addition  of  0*5-1-0  grm.  of  manganous  chloride. 
The  results  show  that  0*1  grm.  of  strontium  salt,  calculated  as 
the  oxide,  may  be  estimated  as  the  oxalate  with  a  fair  degree 
of  accuracy  when  precipitated  in  100-250^™'  of  water  by  a 
sufficient  excess  of  ammonium  oxalate.  In  the  experiments 
recorded  in  section  C,  in  which  the  amount  of  strontium  salt 
in  125"°"  of  water  is  increased,  a  negative  error  is  introduced. 
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which  is  not  diminished  by  the  presence  of  a  large  amount  of 
ammonium  oxalate,  but  when  the  idilution  is  increased  to 
250^",  as  is  the  case  in  the  experiments  given  in  section  D,  so 
that  the  conditions  correspond  more  nearly  to  those  recorded 
in  sections  A  and  B,  the  errors  fall  to  a  minimum.  In  the 
experiments  recorded  in  section  E,  in  which  the  dilution  is 
increased  to  500^"',  an  error  is  introduced  which  is  not  pre- 
vented by  the  presence  of  a  large  excess  of  ammonium  oxalate 
and  which  is  mdependent  of  the  amount  of  strontium  salt 
used.  Eight  of  the  water  filtrates  and  wash  waters  obtained 
in  the  experiments  recorded  in  Table  VI  were  tested  for 
traces  of  strontium  by  the  addition  of  alcohol,  and  in  all  cases 
a  small  amount  of  strontium  was  found,  amounting  in  the 
average  to  O'OOIO  grm.  in  100^*  of  water. 

Barium  Oxalate, 

Barium  oxalate  according  to  Souchay  and  Lenssen*  is  soluble 
in  2,590  parts  of  cold  water,  and  according  to  Bergmanf  ie 
scarcely  at  all  soluble  in  alcohol.     The  attempt  was  made  t 
estimate  barium  by  precipitation  with  ammonium  oxalate  in 
mixture  containing  alcohol.     It  was  found  that   in   filtrates 
from  oxalate  precipitations  in  which  0'l-0'2  grm.  of  bariucMH 
oxide,  taken  as  the  nitrate,  had  been  precipitated  in  volumes  of 
100"^'  containing  30^'°'  of  absolute  alcohol,   and   allowed   to 
stand  over  night,  treatment  with  sulphuric  acid  gave  bariuLxi 
sulphate  amounting  in  the  average  to  no  more  than  0*0001  grna. 
of  barium  oxide.     The  insolubility  of  barium  oxalate  under 
these  conditions,  therefore,  is  practically  complete. 

The  process  for  the  estimation  of  barium  was  as  follows: 
Ammonium  oxalate  was  added  to  a  solution  of  a  barium  salt, 
containing  30  per  cent  of  its  volume  of  alcohol,  the  mixture 
was  allowe<J^  to  stand  over  night,  filtered  on  asbestos,  the  pre- 
cipitate was  washed  by  decantation  with  100-200""'  of  water 
containing  30  per  cent  of  its  volume  of  alcohoL  and  dried 
over  a  flame  to  insure  the  removal  of  alcohol.     The  crucible 
containing  the   precipitate   was  retui*ned   to  the  beaker  also 
previously  dried  over  a  flame,  100-200^"  of  water,  5-10^'  of 
strong  hydrochloric   acid,   and   0*5--l*0  grm.   of    manganoas 
chloride  were  added,  and  the  solution  was  titrated  at  85^-40* 
with  permanganate.     The  results  of  the  experiments^  given  in 
Table  VII,  A,  show  that   barium,    either  as  the  nitrate  or 
chloride,  may  be  estimated  in  the  manner  described  with  a  fair 
degree  of  accuracy. 

*  Add.  der  Chem.  (Liebig),  xc,  102.  f  Bergman's  Essays,  i,  320. 


Barium,  as  the  Oxalates. 


228 


Table  VIL 

BaO, 

Volume 

Acid 

taken  as 

Ammonium 

at 

present 

BaO 

Ba(NO,),. 

oxalate. 

precipitation. 
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found. 
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grm. 
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<€ 
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(C 
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+  0-0010 
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i< 
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C( 

0-0939 
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U 
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CC 

0-0941 

—  0-0001 
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0-4 

« 

cc 

0-1893 

+  00009 

a 

«, 

B 
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cc 

01892 

+  0-0008 

00942 

0-2 

H,SO. 

00858 

—  0-0086 

0-1884 

0-4 

i( 

CC 

0-1732 

-0-0152 

0-0942 

0-2 
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ii 

00857 

—  0-0086 

In  the  experiments  given  in  section  B  of  Table  VII,  the 
precipitate  of  barium  oxalate  was  treated  with  sulphnric  acid 
after  the  addition  of  the  stated  amount  of  water.  The  results 
show  a  large  loss  of  oxalic  acid  probably  due  to  the  occlusion 
of  some  of  the  oxalic  acid  by  the  barium  sulphate.  This  fact 
must  prevent  the  use  of  sulphuric  acid  in  an  analytical  process 
which  depends  upon  the  liberation  of  oxalic  acid  from  barium 
oxalate. 

Gravimetric   Estimation  of  the  Oxalates    of  Strontium  and 

Barium, 

It  is  well  known  that  calcium  may  be  weighed  as  the  carbon- 
ate after  a  careful  ignition  of  the  oxalate,  and  it  would  seem 
probable  that  strontium  might  also  be  weighed  as  the  carbonate. 
Precipitates  of  strontium  oxalate,  on  asbestos,  were  ignited  in 
a  capped  crucible  from  2-8  minutes  in  the  flame  of  a  Bunsen 
burner  and  weighed  as  the  carbonate,  and  in  a  single  case  the 
carbonate  thus  produced  was  converted  by  treatment  with  sul- 
phnric acid  to  the  sulphate  and  weighed  as  such.  The  results 
are  given  in  Table'VIII,  and,  while  they  show  slight  losses,  the 
results  are  fairly  accurate. 

All.  Jour.  Soi.—Foubth  Sbbibs,  Vol.  Xll,  No.  69.— September,  1901. 
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Tabli  VllL 

SrO, 
taken  as 
8r(N0,),. 

SrO, 
calculated 
from  SrCOt 

found. 

SrO, 

caloalated 

SrSO« 

found. 

gnn. 

gnn. 

gnn. 

1 

0-1120 

01113 

.>  •  »  * 

2 

0-1120 

0-1116 

•  •  •  a 

3 

0-2435 

0*2425 

0-2487 

Precipitates  of  barium  oxalate  were  also  ignited  from  5-10 
minutes  and  weighed  as  the  carbonate.  The  results  are  given 
in  Table  IX,  and  are  fairly  accurate. 


TA1II.K  IX. 

BaO, 

BaO, 

taken  as 

found  as 

Ba(NO,),. 

BaCOa. 

Difference. 

grm. 

grm. 

grm. 

0-2912 

0*2909 

—0-0003 

(( 

0*2901 

—0-0011 

(( 

0*2901 

—0*0011 

The  results  of  this  work  may  be  summarized  as  follows:  In 
the  estimation  of  calcium  by  titration  of  the  oxalate  with  per- 
manganate, accurate  results  may  be  obtained  when  hyoro- 
chloric  acid  (with  a  manganous  salt)  is  used  as  the  solvent 
Strontium  salts  may  be  precipitated  by  ammonium  oxalate 
with  practical  completeness  in  a  solution  containing  one-fifth 
its  volume  of  85  per  cent  alcohol,  and  with  approximate  com- 
pleteness from  water  solutions  at  a  dilution  not  exceeding 
25Qcm»     Furthermore,  strontium  oxalate  may  be  titrated  by 

Eermanganate  with  accuracy  when  either  sulphuric  acid  or 
ydrochloric  acid  (with  a  manganous  salt)  is  used  to  liberate 
the  oxalic  acid,  barium  salts  may  be  precipitated  with  prac- 
tical completeness  by  ammonium  oxalate  in  a  solution  contain- 
ing one-third  its  volume  of  alcohol  (85  percent)  and  the  barium 
oxalate  thus  obtained  may  be  dissolved  in  hydrochloric  acid 
and  titrated  by  permanganate  after  the  addition  of  a  manga- 
nous salt.  Strontium  and  barium  oxalates  may  be  converted  to 
the  carbonates  by  ignition  and  weighed  as  such. 
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XXVI. — On  Calaverite  ;  by  S.  L.  Penfield  and  W.  R 

Ford. 

roduction. — In  1868  the  late  Professor  F.  A.  Genth* 
ed  the  name  Calaverite  to  a  massive  telliiride  of  gold^ 
the  Stanislaus  Mine,  Calaveras  County,  California.  It 
[lown  by  his  analyses  that  it  contained  but  little  silver 
0  3'5  per  cent),  thus  differing  from  sylvanite  from  Tran- 
lia  which  contains  from  11  to  13  per  cent.  It  corre- 
9,  however,  like  sylvanite,  to  the  general  formula 
Lg]Te,.  He  described  it  as  having  a  bronze-yellow  color 
n  uneven  to  subconchoidal  fracture.  As  far  as  the  dif- 
»  in  chemical  composition  between  sylvanite  and  cala- 
are  concerned,  it  might  be  questioned  whether  the  latter 
right  to  be  regarded  as  a  distinct  species,  for  in  their 
nations  with  tellurium,  gold  and  silver  are  isomorphous. 
erite,  however,  has  been  supposed  to  have  a  crystalline 
are  different  from  that  of  sylvanite,  for  it  has  no  distinct 
ge,  and  this  property  is  one  of  the  best  means  of  dis- 
shing  the  mineral  from  sylvanite,  which  has  a  perfect 
ge  in  one  direction,  parallel  to  the  clino-pinacoid.  Kren- 
,  also,  the  orthorhombic  species  of  the  same  general 
la,  [Au,Ag]Te„  has  a  perfect  cleavage,  parallel  to  the 

iverite  was  later  described  by  Genthf  from  Boulder, 
ido,  two  analyses  being  given,  one  showing  2*24  and  the 
3-03  per  cent  of  silver.  In  1895  W.  F.  HillebrandJ 
bed  calaverite  from  Cripple  Creek,  Colorado,  giving 
analyses  of  materials  from  different  mines,  containing 
jtively  3*23,  1*77  and  0*90  per  cent  of  silver.  The  mate- 
)r  the  first  analysis  given  by  him  was  from  the  Prince 
t  Mine.  It  was  well  crystallized,  and  was  sent  to  one  of 
'riters  of  this  paper  (Penfield)  for  examination.  The 
Is,  however,  proved  to  be  unusually  perplexing,  and 
igh  considerable  time  was  spent  in  studying  them  the 
igation  did  not  lead  to  decisive  results.  In  a  brief  note 
panying  Dr.  Hillebrand's  article,  it  was  stated  that  the 
Is  had  certain  angles  which  were  nearly  like  those  of 
lite,  and  that  with  the  material  then  at  hand  it  did 
em  possible  to  establish  the  system  of  crystallization  with 
aty.  It  was  suggested,  because  of  the  lack  of  symmetry 
3  distribution  of  the  faces,  that  the  crystals  probably 
jed  to  the  triclinic  system. 

♦  This  Journal  (2).  xlv,  p.  314. 

t  Am.  Phil.  Soc,  xiv,  p.  229,  1874  and  xvii,  p.  117,  1877. 

i  This  Journal  (3),  1,  p.  128. 
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Since  the  publication  of  Dr.  Hillebrand's  paper  it  has  always 
been  the  intention  to  again  take  up  the  study  of  the  crystalli- 
zation of  calaverite,  and  requests  have  been  made  to  numerous 
friends  to  secure,  if  possible,  material  suitable  for  study. 
These  requests  have  been  generously  responded  to,  and  we 
take  special  pleasure  in  here  expressing  our  obligations  to 
Messrs.  Lazara  Cahn  of  New  York,  T.  A.  Rickard  of  Denver, 
and  Maynard  Bixby  of  Salt  Lake  City,  for  the  pains  which 
they  have  taken  to  secure  the  materials  needed  for  the  present 
investigation.  In  addition  to  the  materials  sent  us  by  the 
gentlemen  whose  names  have  just  been  given,  we  have  also 
the  crystals  furnished  by  Dr.  Hillebrand,  already  referred  to. 
Altogether  we  have  been  able  to  include  in  our  investigation 
crystals  from  five  different  mines  in  the  Cripple  Creek  region. 

The  results  of  the  present  investigation  indicate  that  cala- 
verite crystallizes  in  the  Monoclinic  System,     The  crystals  are 
prismatic  or  lath-shaped,  with  their  longer  axes  corresponding 
to  the  ortho-  or  symmetry-axis  h.     The  development  of  the 
crystals  thus  corresponds  to  that  commonly  observed  on  epi- 
dote.     Invariably,  as  observed  by  us,  the  crystals  are  striated 
parallel  to  their  longer  direction,  due  to  oscillatory  combina- 
tions of  the  forms  in  the  ortho-dome  zone.     The  oscillations 
generally  give  rise  to  a  rounding  of  the  edges  in  the  striated 
zone,  and  often  very  irregular  cross-sections  result  therefrom, 
as  will  be  shown.     When  this  prominent  zone  is  studied  with 
the  reflection  goniometer,  there  often  results  an  almost  unbroken 
succession  of  reflections  of  the  signal  as  a  crystal  is  turned. 
There  is  no  especially  prominent  Face  in  the  zone  which  may 
be  easily  identified,  and  relied  upon  as  a  starting  point  in  mak- 
ing a  series  of  measurements.     Terminal  faces,  on  the  other 
hand,  are  generally  free  from  striations  and  are  in  every  way 
satisfactory  for  measurement  with  the  reflection  goniometer- 
Uncertain  or  multiple  reflections  of  the  signal,  due  to  vicinal 
development  of  the  faces  or  other  disturbing  causes,  were  sel- 
dom encountered.     All  of  the  work  of  determining  the  system 
of  crystallization,  the  axial  ratio  and  the  symbols  of  the  forms 
had  to  be  based  upon  measurements  made  from  the  terminal 
faces,   and    these   being   at   times   unequally  developed,   and 
always   quite  small,  the  problem  proved  to  be  an    unusually 
difficult  one.     It  may  not  be  out  of  place  to  state  at  this  point 
that  in  the  unequal  development  of  the  crystal  faces,  in  the 
scarcity  of  zones,  and  in  the  complex  symbols  derived  from 
the  measurements,  calaverite  crystals  are  unlike  any  that  have 
ever  come  to  the  attention  of  the  present  writers.     The  crys- 
tals seem  almost  to  present  a  contradiction  to  some  of  the  laws 
of  crystallography. 

Determination  of  the   Axial  Ratio, — The   crystal   which 
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d  to  promise  the  best  results,  and  which  was  selected 
f  all  for  study,  is  represented  in  orthographic  projection 
the  clino-pinacoid  by  figure  2,  page  229.  It  was  apparent 
spection  that  certain  faces,  m,  *,  q,  <?,  andjp,  occurred  in 
as  demanded  by  monoclinic  symmetry,  and  the  mono- 
character  was  fully  substantiated  by  measurements.  Two 
)  forms,  m  and  j9,  to  which  the  symbols  (110)  and  (HI) 
signed,  agree  very  closely  with  corresponding  forms  on 
lite,  as  shown  by  the  following  comparison  : 


Calaverite. 

Sylvi 

aoite 

m 

>\ 

m', 

110 

/\ 

110 

=    63°  1'* 

62° 

56' 

P 

/\ 

P 

111 

/\ 

111 

=    93    49 

94 

30 

m 

/\ 

P 

110 

/\ 

111 

=    36    38* 

37 

3 

tn 

/\ 

P 

Iio 

/\ 

111 

=    68    45* 

:ing  the  measurements  marked  by  asterisks  as  funda- 
.1,  the  following  axial  ratio  has  been  calculated,  with 
,  for  comparison,  that  of  sylvanite  is  also  given  : 

laverite,      a  :  b  :  c  =2  1-6313  :  1  :  M4+9 ;  /8  =  89°  4W 
Ivanite,         "        "    =  1*6339  :  1  :  M265;  /8  =  89    35.' 

will  be  shown  later,  the  forms  m  and  j9  occur  on  most  of 
•ystals,  and,  with  the  exception  perhaps  of  the  form  let- 
Oj  they  are  the  most  prominently  developed  of  the  termi- 
ices.  We  feel,  therefore,  that  the  choice  of  these  as 
nit  prism  m  (110)  and  the  unit  pyramid  p  (111)  is  the 
:hat  can  be  made,  especially  as  the  axial  ratio  derived 
them  is  so  nearly  like  that  of  sylvanite.  Taken  in  con- 
n  with  the  similarity  in  chemical  composition  between 
jrite  and  sylvanite,  it  does  not  seem  probable  that  such 
agreement  in  crystalline  characters  is  wholly  a  matter  of 
mt. 

IS  far  the  crystallization  of  calaverite  seems  simple  and 
ictory  ;  beyond  this  point,  however,  the  results  are  almost 
ng  from  a  crystallographic  standpoint,  since  but  few  of 
lany  faces  observed  have  simple  indices.     As  no  possi- 

of  simplifying  the  symbols  has  presented  itself  to  us,  it 
een  decided  to  give  our  results  in  such  a  form  that  they 
)e  made  use  of  by  others,  and  wo  will  ask  our  readers  to 
'e  their  judgment  of  our  interpretation  of  the  crystals 
the  results  have  all  been  presented. 
'iuliarities  of  Crystallization :  Method  of  measuring. — 
ugh  the  crystals  are  highly  modified,  a  scarcity  of  zonal 
ms  among  the  terminal  faces  is  noticeable.  The  only 
nent  zone  is  that  of  the  forms  lettered  D,  />,  <?,  q  and  «, 

2  et  seq.,   also  shown  in  the  stereographic  projection. 
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figure  30,  page  242.  Having  in  nearly  every  instance  a  dis- 
torted crystal  to  work  with,  showing  few  zonal  relations  and 
no  clino-pinacoid,  and  not  being  able  to  make  measurements 
from  easily  identified  forms  in  the  striated  zone,  it  soon  became 
evident  that  the  identification  of  the  small  terminal  faces  with 
a  one-circle  goniometer  would  prove  a  most  laborious  under- 
taking. With  a  two-circle  goniometer,  on  the  other  band,  both 
the  measurement  of  the  crystals  and  the  interpretation  of  the 
results  are  very  much  simplified ;  in  fact,  without  this  instru- 
ment it  would  have  been  next  to  impossible  to  have  identified 
the  forms  of  some  of  the  crystals.  Tlie  crystals  were  orientated 
on  the  two-circle  goniometer  with  the  striated  zone  (the  ortho- 
axis  of  the  crystals)  parallel  with  the  axis  of  the  vertical  circle. 
Having  adjusted  so  that  a  measurement  between  two  m  faces 
was  obtained  by  turning  the  horizontal  circle,  the  position 
half  way  between  the  two  m's  was  taken  as  the  theoretical 
clino-pinacoid  (010),  or  polar  face,  while  the  reading  of  the 
vertical  circle  at  this  point  gave  the  position  of  a  theoretical 
ortho-pinacoid  (100)  in  the  striated  zone.  The  two  readings 
served  as  starting  points  for  making  all  measurements.  The 
clino-pinacoid  was  observed  on  but  few  crystals  and  the  ortho- 
pinacoid  on  onlj'  one,  therefore  nearly  all  of  the  measurements 
which  will  be  recorded  were  made,  not  from  actual  faces,  but 
from  the  theoretical  positions  of  the  (100)  and  (010)  forms. 

One  peculiarity  to  be  borne  in  mind  in  studying  crystals  of 
the  monoclinic  system  is  that  the  distribution  of  the  faces  at 
opposite  extremities  of  the  ortho-axis  have  a  right-  and  a  left- 
handed  relation,  as  will  be  indicated  by  the  figures.  The  two 
ends  cannot  be  interchanged. 

As  has  been  stated  already,  tlie  faces  in  the  zone  parallel  to 
the  ortho-axis  are  striated,  and  they  oscillate  with  one  another 
to  such  an  extent  that  most  of  the  crystals  have  very  irregular 
cross  sections  when  viewed  in  the  direction  of  their  longer-  or 
ortho-axis.  In  representing  the  crystals,  orthographic  projec- 
tions upon  the  clino-pinacoid  have  been  employed,  and  the 
figures  are  intended  to  show  irregularities  of  contour,  as  well 
as  variations  in  the  relative  size  and  distribution  of  the  termi- 
nal faces  as  exhibited  by  the  specimens. 

In  order  to  shorten  and  simplify  the  description  of  the  crj'S- 
tals  they  will  be  treated  in  groups,  as  far  as  possible,  and  the 
symbols  of  the  forms  together  with  their  measured  and  calcu- 
lated angles  will  be  condensed  in  tables.  It  would  consume 
altogether  too  much  space  and  be  of  too  little  interest  to  give 
separate  tables  of  measured  and  calculated  angles  for  each  crys- 
tal which  has  been  examined. 

Occurrence  No,  i.  Crystals  from  the  Monument  Mine, — 
The  material  was  presented  to  us  by  Mr.  Cahn,  and  consists  of 
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iSfteen  terminated  crystals  besides  namerons  fragments.  Some 
of  the  fragments,  which  are  portions  of  lath-snaped  crystals 
without  terminal  faces,  measure  over  a  centimeter  in  length 
and  breadth.  The  terminated  crystals  are  quite  uniform  in 
size,  averaging  about  5™°"  in  length  by  S^^  in  thickness.  They 
were  detached  from  the  matrix  and  looked  as  though  they  all 
might  have  come  from  one  cavity.  Nine  of  them  are  right- 
hand  terminations,  and  are  represented  by  figures  2  to  10. 
Figure  1  gives  an  ideal  representation  of  the  forms  observed 
on  the  mofc't  symmetrically  developed  crystal,  shown  by  figure 
2.  The  terminal  faces  occurring  on  the  nine  crystals,  with 
their  symbols,  measured  and  calculated  angles,  and  the  total 
number  of  times  they  were  observed,  are  given  in  the  follow- 
ing table : 


Measured. 

Calculated 

• 

-1 

A 

Times 
observed. 

Symbols. 

Vertical. 

Horizontal. 

Vertical 

Horizontal. 

m 

110 

00° 

00' 

31° 

29' 

00° 

00' 

31° 

30i' 

14 

€ 

42-44-11 

20 

21 

32 

10 

20 

26 

32 

1 

1,  figure  3 

t 

13-20-4 

24 

6 

23 

10 

23 

38^ 

23 

32i 

3 

q 

11  •29-5 

33 

4 

15 

46 

32 

52 

15 

30^ 

4 

h 

21-3M1 

36 

40 

23 

19 

36 

40 

23 

30^ 

2,  figure  3 

0 

13-22-10 

46 

59 

28 

2 

47 

30i 

28 

18 

18 

p 

111 

54 

44 

46 

51 

54 

48 

46 

54^ 

12 

• 

10-7-11 

57 

13 

58 

8 

57 

18 

68 

29 

1,  figure  4 

y 

296 

76 

21 

30 

28 

76 

38 

30 

54 

5 

V 

2-lMO 

81 

52 

38' 

15 

81 

48 

38 

43i 

2 

r 

10-44-15 

114 

53 

18 

27 

114 

54 

18 

loi 

10 

w 

111 

125 

6 

46 

46 

124 

55 

46 

48i 

3 

u 

11-18-10 

127 

8 

30 

55 

127 

32 

31 

28 

5 

X 

Ii-20-6 

141 

59 

22 

50 

142 

4 

23 

5 

2 

8 

iI-62-6 

142 

25 

8 

3 

142 

4 

7 

50 

16 

Z 

I5-22-1 

174 

9 

22 

42 

174 

34 

22 

46 

1,  figure  4 

Five  of  the  crystals  studied  are  left-hand  terminations,  shown 
by  figures  12  to  16.  In  order  to  facilitate  the  identification  of 
the  races  figure  11  is  introduced,  which  is  a  mirror  image  of 
figure  1,  and  represents  a  possible  symmetrical  development  of 
the  prominent  forms.  Of  the  sixteen  forms  observed  on  the 
nine  right-hand  terminations  twelve  were  observed  on  the  five 
left-hand  ends,  and  one  additional  form  n.  The  forms, 
together  with  their  measured  and  calculated  angles,  are  given 
in  the  table  which  follows. 

Of  the  forms  observed  on  the  fourteen  terminations  studied, 
0  is  represented  by  26  faces,  8  by  23,  m  by  20,  p  by  19  and  r 
by  13,  the  possible  number  of  faces  of  each  kind  being  28. 

Although  the  faces  in  the  zone  parallel  to  the  ortho-axis  were 
generally  so  striated  that  reflections  from  them  could  not  be 
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11 


12 


13 


16 


14 


15 


Measured. 

r 

Calculated, 

Times 
Observed. 

Symbols. 

Vertical. 

1 
Horizontal. 

Vertical. 

Horizontal. 

*^ 

ilo 

00° 

00' 

31° 

30i' 

00° 

00' 

31° 

30f 

6 

t 

13-20-4 

23 

33 

23 

12 

23 

38^ 

23 

32^ 

5 

o 

13-22-10 

47 

13 

28 

14 

47 

30i 

28 

18 

8 

n  1 

11-I410 

52 

16 

38 

56 

52 

12 

38 

in 

1,  figure  15 

P 

111 

54 

45 

40 

56 

54 

48 

46 

54| 

7 

y 
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76 

40 

30 

18 

76 

38 

30 

54 

1 

V 

2-1I-10 

81 

48 

38 

27 

81 

48 

38 

43* 

1 

r 

I0-44-15 

114 

14 

18 

29 

114 

54 

18 

io| 

3 

?r 

III 

125 

9 

46 

44 

124 

55 

46 

48^ 

1 

1/ 

IMS-10 

12V 

13 

31 

6 

127 

32 

31 

28 

1 

a; 

1I-26  6 

142 

1 

23 

5 

142 

4 

23 

5 

2 

s 

1I-62-6 

142 

3 

« 

10 

142 

4 

7 

50 

7 

z 

I5§2-1 

174 

28 

22 

38 

174 

34 

22 

46 
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relied  upon,  the  zone  was  carefally  stadied  and  a  record  kept 
of  all  especially  prominent  reflections.  The  results  are  sum- 
marized  m  the  following  table : 


Measured  on 

Number  of 
obseira- 

Sjmbols. 

vertical  circle. 

» 

tions. 

Average. 

Calculated. 

B, 

75-0-11 

ir 

35'tbll° 

48' 

3 

11° 

43' 

11*^48' 

C 

501 

16 

36 

1 

15 

36 

15    5di 

c. 

401 

19 

27-  19 

40 

2 

19 

34 

19    35 

E 

11-0-4 

26 

49-  27 

66 

3 

27 

16 

27    21 

D 

304 

62 

8-63 

8 

9 

62 

26 

62      4 

H 

6-0-11 

71 

22-  72 

18 

7 

71 

63 

71    36 

e 

001 

89 

44-  90 

4 

8 

89 

65 

89   47i 

L 

104 

99 

60 

1 

99 

50 

99    45 

M, 

io-0-11 

122 

24  -122 

49 

4 

122 

38 

122    23 

M 

loi 

124 

27 

1 

124 

27 

124    55 

M. 

Ii-o-io 

126 

49-127 

6 

3 

126 

69 

127    32 

N. 

1I-0-6 

141 

41-142 

40 

4 

142 

13 

142     4 

N 

201 

143 

22-144 

21 

7 

143 

66 

144    28 

N, 

24-0-11 

146 

20-147 

14 

3 

146 

42 

146    47 

P 

25-0-4 

167 

8-167 

16 

3 

167 

11 

167     9 

R 

901 

170 

14-170 

44 

2 

170 

29 

171      0 

R. 

il-0-1 

172 

31  -172 

61 

4 

172 

44 

172   37 

R 

iS-o-i 

174 

10-175 

45 

4 

174 

55 

174   85 

17 


Among  the  crystals  from  tte  Monument  mine  there  was  one 
twin  which  will  be  described  later. 

Occurrence  No.  2. — Among  the  speci- 
mens sent  by  Mr.  Bixby  were  some  detached 
crystals  somewhat  resembling  those  jost 
described,  though  certainly  from  a  dif- 
ferent mine.  The  suite  consisted  of  a  num- 
ber of  fragments  and  one  terminated  crys- 
tal; the  latter  measuring  about  2""*  in 
greatest  diameter  and  4"°*  in  length.  The 
crystal  faces  were  not  bright,  and  it  was 
believed  at  first  that  it  would  be  useless  to 
attempt  to  measure  the  angles,  but,  realiz- 
ing the  importance  of  extending  our  inves- 
tigation to  material  from  as  many  sources 
as  possible,  the  crystal  was  placed  in  the 
goniometer  and  gave  far  better  reflections 
The  reflections  though  not  bright  were 
The  development  of  the  forms  is  repre- 


than   anticipated, 
perfectly  distinct. 


sented  by  figure  17.     The  terminal  forms  with  one  exception, 
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T,  are  tbe  same  as  those  already  recorded.    In  the  striated  zone 
a  distinct  rejection  was  obtained  from  a  face  corresponding  to 
the  ortho-pinacoid  c(lOO),  which  has  heen  ohserved  only  on 
this  crystal. 
Tbe  measured  and  calculated  angles  are  as  follows: 


11  ■62-6 
3T-38-11 


R, 


II-O-l 


Calculated. 

TerticaL  Horiiontai. 

Vertical.  Horizontal, 

00°  00' 

31'17' 

00*00'  si-aoj' 

33  41 

16  10 

32  62     15  30i 

46  50 

27  46 

47  30i  28  18 

65     8 

46  54 

54  48     46  54i 

143  15 

8  13 

142     4       7  50 

153  16 

28  55 

163     8     29  14 

00  00 

90     5 

00  00     90  00 

31  41 

90  00 

32  52 

47     3 

47  30J       " 

144  22 

144  28 

173  10 

" 

172  37         " 

Although  the  discrepancy  between  the  measured  and  calcu- 
lated values  is  considerable  in  some  cases,  the  agreement  is 
sufficiently  close  to  indicate  that  the  forms  are  identical  with 
those  of  the  first  occurrence.     A  jg  ^g 

similar  irregularity  of  contour  is  „   r 

also  noticeable,  as  shown  by  tbe 
figure. 

Occurrence  No.  3.  Crystals 
from  the  Moon  Anchor  Mine. — 
Our  study  is  confined  to  two 
Email  crystals  detached  from  a 
eangue  specimen  sent  us  by  Mr. 
Kickard.  The  crystals  are  lath- 
shaped,  measuring  1'5°""  in 
length  and  2  by  O-S"""  in  cross 
Bection.  The  development  of 
the  crystals  is  represented  by 
fignres  18  and  19.  Tbe  gangue 
upon  which  the  crystals  occur 
seems  to  be  a  decompoeed  ande- 
site,  the  calaverite  having  been  deposited  along  with  quartz 
and  fluorite  in  a  crevice.  The  forma  together  with  their 
measured  and  calculated  angles  are  recorded  in  the  following 
table: 
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Measured. 


b 
in 


\ 


'I  \ 

P 

9, 
w 

u  I 

'I 

C 


Symbols. 

010 

110 

lV-40-2 
33-80'4 
11  •29-5 

111        i 
10-15-22I 

III 
11-18-10| 

f56        , 
1 1  •62-6   I 

2-10-1   i 
17'0-2 

801        i 

304        I 

001        ' 

Il-o-i    I 

I5-0-1 


Vertical.        Horizontal. 
00°  00'      00°  00' 
00    00        31    28 


Calculated. 

-*■ 


Vertical.     Horizontal. 
00°  00       00°  00 


9  58   14  22 


32 

54 

72 

126 

127 

128 


25 
33 
6 
16 
40 
60 


f 


144  13 


16  33 
46  67 

52  49 
46  47 
31   6 

53  30 

7  65 


9  51   90  00 


62   8 

89  51 

172  52 

175   1 


iC 


00  00 
9  30 
9  47^ 
32  62 
54  48 
71  36 
124  65 
127  32 
129  \\\ 
142   4 
144  28 
9  30 
10   5^ 
62   4 
89  47i 
172  34 
174  35 


31  30^ 

14  48| 

14  24 

15  30i 
46  64^ 

52  38 
46  48i 
31  28 

53  31 

7  50 

8  33 
90  00 


(( 


(C 


(( 


(( 


Times 
obeerved. 

2 
4 


3 
1 
1 
3 
2 
1 

I 

1 

2 
2 
1 
1 


On  these  two  crystals,  as  indicated  by  the  figures,  attention 
may  be  called  to  the  occurrence  of  the  clino-pinacoid  }  (010), 
or  polar  face,  and  to  the  prominent  developments  of  m^  w  and 
fj.  The  forms  y,  and  j  have  been  observed  by  us  on  only  the 
one  crystal  represented  by  figure  18.  There  is  some  uncer- 
tainty concerning  a  (2'10-11),  figure  19.  It  is  a  small  face, 
apparently  in  the  zone  7/i,  y,  but  it  is  very  near  to  8  (II'62'6) 
of  occurrence  No.  1,  which  is  in  the  zone  /?,/?,  o  and  q.  The 
dome  B  is  probably  (801),  which  is  in  the  same  zone  as  m  and 
q.  In  cross-section  these  crystals  have  a  far  more  regular  con- 
tour than  those  of  the  occurrences  previously  cited. 

Occurrence  No,  J^. — The  occurrence  thus  designated  is  that 
of  a  suite  of  specimens  sent  by  Mr.  Bixby  with  no  special 
designation  of  the  mine  from  which  they  came.  The  speci- 
mens resemble  very  closely  those  from  the  Moon  Anchor  mine. 
The  crystals  are  lath-shaped,  some  of  them  very  thin,  attached 
to  what  appears  to  be  an  andesitic  gangue.  They  have  been 
deposited  in  crevices,  and  are  associated  with  quartz  and  flaor- 
ite.  Many  of  the  crystals  are  much  bent  and  cracked. 
Although  there  was  an  abundance  of  calaverite  on  the  speci- 
mens only  one  crystal  was  found  which  seemed  to  offer  any 
possibility  of  measurement.  The  end  of  the  crystal  when 
detached  from  the  gauge  measured  about  1°*°*  in  length  and 
only  ()-r>  by  0*15"""  in  cross  section.  Although  so  very  minute, 
the  retlectious  from  its  faces  were  excellent :     in    fact  this 
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ciTstal  ma;  be  regarded  as  the  beet  we  have  examined. 
Without  a  two-circie  goaioiueter  it  would  hare 
been  almost  impoesible  to  hare  measured  more 
than  a  few  of  the  angles  of  such  a  email  crystal. 
With  a  two-circle  goniometer,  on  the  other  nand, 
the  measurements  were  made  without  difficulty. 
Al  toother  seventeen  terminal  faces  were  observed 
on  tliis  crystal,  the  area  of  whose  cross-section  is 
less  than  that  of  a  hyphen  on  this  printed  page. 
The  crystal,  which  is  the  most  symmetrical  id  its 
development  of  any  we  have  seen,  is  represented 
with  ideal  symmetry  in  figure  20,  The  clino- 
pinacoid  b  (010)  is  present,  and  monoclinic  sym- 
metry is  proved  by  the  occurrence  of  the  forms 
m,  o,  p,  fy  and  «  as  pairs  of  faces,  making  in  each 
case  almost  identical  angles  on  either  side  of 
{010),  as  indicated  by  the  horizontal  circle 
measnrements.  A  complete  list  of  the  angles 
measured  on  this  crystal  is  given  in  the  following 
table ; 


Sjmbols, 

010 

110 

IlO 
13-22-I0 
I3-22I0 


Il5 
4-7I0 
2-11-I0 
I0-32-21 
IM8I0 
ll-18ifl 
II  •20-6 
II -62 -6 
11'62B 
170-2 
I70a 
S  0  4 
5011 
2-0-11 
II-0-2 
110-5 


Venioal. 
00°  00' 


Horizootal. 

00°  00' 
'  31    32 

31     32 

28    12 
28       2 


Vertical.      Horizontal. 
00°  00'     00°  00' 


82  17 
108  27 

127  81 


31  304 

26  18 

28  18 

46  54^ 

46  54^ 

61  40 

61  40 

52  22 


81  48 
108  18 
127  32 


44 


31 


9  30   90  00 


62 

4           " 

71 

36 

H2 

26 

165 

28 
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Most  of  the  terminal  faces,  h^  m,  u^  p^  Vj  Uj  x  and  8^  are 
identical  with  those  observed  in  previous  occnrrences.  Of  the 
new  forms,  /',  g  and  k^  the  two  former  fall  in  a  zone  with  D 
(304)  and  t;  (2-ll'10),  to  which  zone  also  ^  (13-20'4)  belongs; 
compare  the  stereographie  projection,  page  242.  The  forms 
8  and  B^  are  somewhat  doubtful.  They  may  be  a-  (S'10'1) 
and  B  (801) ;  compare  page  234.    ll-62''6,  110  and  17-02  are 

in  a  zone,  as  are  also  2*10*17  1^^  ^^^  8^1- 

Occurrence  No.  5. — This  material  includes  the  crystals  from 
the  Prince  Albert  mine  sent  to  us  by  Dr.  Hillebrand,  and  pre- 
viously examined  crystallographically  by  one  of  us,  as  already 
referred  to.  The  crystals  average  from  \  to  1°*"  in  diameter 
and  2'"'°  in  length.  Most  of  them  are  twinned  according  to 
laws  which  will  be  described  later,  but  three  which  show  no 
indication  of  twinning  are  represented  by  figures  21  to  23. 


21 


22 


23 


Figure  21  represents  a  left-hand  termination,  the  others  right- 
hand  ends.  One,  figure  23,  is  a  doubly  terminated  crystal, 
showing  similar  forms  at  both  extremities  of  the  axis  of  sym- 
metry. The  prominent  forms  are  those  observed  on  other 
occurrences.  The  new  forms  ir  and  p  are  each  represented  by 
one  small  face.  The  symbols  of  the  forms  and  the  measared 
and  calculated  angles  are  as  follows  : 


Symbols. 

Measured. 

Calculated. 

Til 

Vertical. 

■  — \ 
Horizontal. 

Vertical.    HorizontaL 

Jill 

Obse 

u\ 

110 

00°  00' 

• 

00^  00'     31**  30^' 

3 

y 

11-29-5 

31     59 

15°  58' 

32     52      15     dO| 

1 

o 

l:^L>210 

47       3 

28       1 

47     30^    28    18 

3 

P  ; 

111 

54     50 

40     50 

54     48      46    64^ 

6 

IT 

22-18-27 

59     5(5 

50     10 

60       5      56    31 

1 

if     , 

'2<.)0 

70     35 

30     35 

76    38      30    64 

1 

1 

4 1*2 1-2 

170     32 

52     45 

176    18      62      9 

1 
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Twinning. — Two  laws  of  twinning  have  been  determined 
which  tnaj  be  stated  as  follows:  1.  The  twinning  plane  is  in 
the  ortho-dome  zone,  at  90°  to  10  L.  3.  The  twinning  plane  ie 
the  ortho-dome  101.  According  to  both  laws  the  eymraetry 
axis  and  the  positions  of  the />  faces  are  the  same  for  both  the 
Qortnal  and  twin  positions.  Penetration  twins  have  also  been 
observed  with  the  symmetry  axes,  or  the  striated  zones,  crossed 


at  angles  of  abont  90°,  but  no  crystals  have  been  found  from 
*hich  snfiiciently  accurate  measurements  could  be  obtained  for 
dettirmining  the  exact  law  of  twinning. 

Tbe  first  law  of  twinning  lias  been  observed  only  on  crystals 
from  the  Prince  Albert  mine  (Occurrence  No.  5).  The  twin- 
ning is  partly* of  the  nature  of  two  individuals  meeting  along 
the  twinning  plane  and  partly  of  the  nature  of  twin  lamellse, 
^evealed  by  a  series  of  striations  crossing  the  terminal  faces  at 
light  angles  to  the  intersection  of  two  p  faces.  Figures  2-4  to 
36  represent  three  individuals  which  illustrate  this  law  of  twin- 
ning, and  although  tbe  figures  do  not  show  the  twinning  at  all 
distinctly,  it  is  doubtful  whether  any  other  kind  of  illustration 
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would  answer  the  purpose  better.  The  stereographic  projection, 
figure  27,  is  better  adapted  for  the  purpose.  The  diameter  of 
the  circle,  passing  through  101,  lOl  and  the  poles  lettered  p, 
represents  the  twinning  plane,  and  symmetrically  on  either 
side  of  it  are  the  poles  of  the  two  n  and  two  o  faces,  making 
small  angles  with  one  another.  The  poles  of  the  four  fn  faces, 
two  in  normal  and  two  in  twin  position,  serve  to  make  the 
orientation  clear. 

In  figure  24  the  faces  in  the  upper  right-hand  portion  are  in 
normal  position,  except  for  the  occasional  crossing  of  twin 
lamelloB,  as  indicated  by  the  striations.  The  faces  n  and  o 
below  and  to  the  left  are  in  twin  position,  and  make  reentrant 
angles  with  the  corresponding  planes  of  the  normal  crystal. 
The  two  p  faces  are  common  to  both  individuals.  The  angles 
ny^n  anci  0/\o,  measured  over  the  twinning  plane,  are  as 
follows : 

Measured.  Calculated. 

3°  21'  3°  14' 


nA,n 

O/vO 


7 


6     54 


The  form  eo  was  observed  only  on  this  crystal  and  appears 
as  a  very  narrow,  somewhat  tapering  face,  intersecting  p  and 
disappearing  against  a  twin  lamella.  The  measured  and  cal- 
culated angles  of  this  crystal  are  as  follows: 

'  Measured  I  Calculated 


Symbols.       ' 

Vertical. 

Horizontal. 

Vertical. 

Horizontal. 

p 

111           1 

54° 

48' 

46°     50' 

54°     48' 

46°     54J' 

p 

111 

(( 

(( 

46       50 

((            cc 

46       54^ 

* 

n 

11-14-10      1 

52 

11 

38       34 

52        12 

38       174 

n 

of  twin 

57 

10 

38       34 

57       24 

38     ]n 

0 

13-22-10     ' 

47 

26 

28         6 

47       30^ 

28       18 

0 

of  twin      1 

62 

0 

28         2 

62         5 

28       18 

(i> 

20-15-12 

40 

16 

47       12 

40       26 

47         8 

• 

^ 

10-7-11 

57 

5 

58         4 

57        18 

58       29 

On  the  crystal  represented  by  figure  25  only  the  small  o  and 
7n  faces  to  the  left  are  in  twin  position,  the  o  faces  making  a 
reentrant  angle  at  the  twinning  plane.  A  few  of  the  angles 
of  this  crystal  are  as  follows : 


Symbols. 

Measured 

Calculated. 

..  _  .  _         * 

Vertical. 

Horizontal. 

Vertic^.          Horizontal. 

p 

Ill      j 

54° 

50' 

46° 

47' 

54°     48'     46**     54*' 

p 

ill 

(( 

(( 

4G 

47' 

"        «        46       64i 

0 

13-22-10 

47 

6 

28 

5 

47        30^   28       18 

o 

of  twin 

62 

28 

28 

5 

62         5      28       18 

'tn 

no 

00 

00 

31 

34 

00       00      31       3(>i 

m 

of  twin 

109 

45 

31 

35 

109       35      31       30i 
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The  crystal  represented  by  figure  26  appears  for  the  most 
)art  like  a  normal  individual,  crossed,  however,  by  twin  lamel- 
ae  as  indicated  by  the  striations.  The  form  lettered  a  seems 
to  be  in  twin  rather  than  in  normal  position. 

The  second  law  of  twinning,  where  101  is  the  twinning 
plane,  has  been  observed  on  two  crystals,  one  from  the  Monu- 
ment the  other  from  the  Prince  Albert  Mine.  These  are  illus- 
trated by  figures  28  and  29,  respectively.     In  the  crystal  rep- 


28 


29 


resented  by  figure  28  the  faces  o,  vi  and  part  of  s  above  are  in 
twin  position.  The  twinning  plane  separates  the  two  o  faces, 
runs  through  ^,  and  disappears  in  that  .portion,  stippled  in  the 
figure,  where  tlie  crystallization  has  been  interrupted.  The  m 
faces  make  a  reentrant  angle.  The  8  faces  in  normal  and  twin 
position  fall  almost  together,  making,  ^according  to  calculation, 
an  angle  of  only  0°  44'  with  one  another.  In  the  crystal 
under  consideration  a  was  not  a  very  good  face.  The  meas- 
ured angles  are  as  follows : 


Symbols. 

Measured. 

Calculated. 

r 

Vertical. 

Horizontal. 

Vertical.     Horizontal. 

m 

110 

00°  00' 

30°  52' 

00°  00'     31°  30f 

m 

of  twin 

70    33 

31     37 

70    26       31     30i 

0 

13-22-I0 

47       3 

28    13 

47    30^    28     18 

0 

of  twin 

117     40 

28     13 

117    56       28    18 

r 

10-44-I5 

113    59 

18    34 

.114    54       18     10^ 

s 

probably  of  twin     , 

146    32 

8      8 

147    20         7    50 

In  the  crystal  from  the  Prince  Albert  Mine,  figure  29,  both 
laws  of  twinning  are  combined.  The  first  law  is  indicated  by 
twin  lamellae  crossing  the  lower  portion  of  the  crystal.  The 
faces  in  the  lower  left-hand  portion  of  the  figure  may  be 
regarded  as  belonging  to  a  single  individual  in  normal  position. 
To  the  right  the  two  m  faces  meet  along  the  twinning  plane, 
which  seems  to  run  for  a  ways  through  a  and  then  disappears. 
Tlie  salient  angle  made  by  the  two  m  faces,  measured  over  the 
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twinning  plane,  is  35°  2',  calculated  35®  4'.     Tlie  measured 
angles  are  as  follows : 


Symbols. 

Measured. 

Calculated. 

r 

Vertical. 

HorizoDtal. 

Vertical.       Horizontal. 

m 

110 

00*»  00' 

31<»  39' 

00     00         31°  30f 

m 

of  twin 

109    41 

31     40 

109     38         31     sol 

t 

13-20-4 

24     14 

23     19 

23     38^      23     32i 

t 

of  twin 

86       1 

23     31 

85     57        23     32| 

0 

iy22-J0 

47     14 

2S     11 

47     30^      28     18 

P 

111 

54    49 

46     49 

54    48        46     54i 

q 

11  •29-6 

32       9 

15     21 

32     52         15     30| 

s 

of  twin     , 

147       4 

7     52 

147     20           7     50 

As  far  as  the  angles  of  tlie  crystals  are  concerned,  the  sec- 
ond law  (twinning  plane  101)  might  be  considered  as  alone 
sufficient  for  explaining  the  two  kinds  of  twinning.  Instead 
of  the  first  law,  as  stated  above,  it  might  then  be  said  that  the 
crystals  were  twinned  about  101,  but  were  united  by  a  compo- 
sition face  at  right  angles  to  the  twinning  plane.  Since  we 
have  in  figure  29  a  combination  of  the  two  kinds  of  twinning, 
it  has  seemed  to  us  simplest  to  explain  it  as  according  to  two 
laws. 

Summary, — There  have  thus  far  been  presented  in  tlie 
tables  of  angles  sufficient  data  to  indicate  that  there  are  certain 
planes  which  occur  on  calaverite  crystals  repeatedly,  and  witli 
such  constancy  in  their  angles  that  they  can  not  be  regarded 
as  in  any  way  accidental.  There  are  no  forms  more  frequent 
in  their  occurrence  and  more  prominent  in  their  development 
than  those  designated  as  r/i  (110)  and  »  (111),  unless  it  is,  per- 
haps, 0  (13-22-10).  If  it  be  accepted  that  m  (110)  and  jk?  (Ill) 
have  been  well  ciiosen  as  fundamental  forms,  then  the  crystal- 
lographic  relations  between  calaverite  and  syivanite  may  be 
expressed  as  follows: — Both  are  closely  related  not  only  in 
chemical  composition,  but  also  in  their  axial  ratios  and  in  their 
axial  ipclinations  /8. — Both  are  alike  in  crystallizing  in  the 
monoclinic  system,  and  in  having  the  dome  (101)  as  twinning 
plane. — Calaverite  differs  from  syivanite  in  having  no  distinct 
clino-pinacoid  cleavage,  and  in  having,  with  few  exceptions, 
different  forms,  most  of  which  must  be  designated  by  unusually 
complex  indices. 

The  symbols  assigned  by  us  to  the  calaverite  forms  are  those 
which  seem  to  correspond  most  nearly  with  the  results  of  onr 
measurements.  No  one  can  appreciate  more  fully  than  the 
writers  that  many  of  the  symbols  are  so  complicated  that  it  is 
almost  impossible  to  believe  that  they  are  true.  On  the  other 
hand,  we  fail  to  tind  any  way  of  simplifying  them  which  does 
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not  cause  discrepancies  in  the  angles  greater  than  tlie  character 
of  the  reflections  would  seem  to  warrant.  It  is  probable  that 
some  of  the  symbols  will  need  revision  and  change.  The 
crystals,  which  we  have  been  able  to  examine  are  sach  as  might 
be  designated  as  good^  though  they  are  not  of  the  very  best 
quality.  It  should  be  explained  also  that  all  of  the  crystals  in 
our  possession  have  been  studied  and  all  of  the  results  given, 
not  merely  a  selection  of  heat  values.  If  one  could  have  a 
larger  variety  of  occurrences  to  select  from,  it  is  likely  that 
some  exceptionally  good  crystals  might  be  found  from  which 
more  exact  and  reliable  measurements  could  be  obtained.  A 
careful  study  of  such  crystals  would  be  of  great  value,  for  the 
correctness  of  the  complex  symbols  indicated  by  the  measure- 
ments made  by  us  needs  verification.  One  especially  note- 
worthy feature  of  the  symbols  as  given  by  us  is  tnat  eleven,  or 
some  multiple  of  it,  appears  in  many  of  them ;  though  the 
significance  of  this,  if  there  is  any,  is  not  apparent. 

It  is  possible  that  by  adopting  another  orientation  some  sim- 
plification of  the  symbols  may  result.  The  chances  for  bring- 
ing about  much  simplification,  however,  do  not  seem  to  be 
very  promising,  and  any  change  in  orientation  must  necessa- 
rily do  away  with  the  apparent  similarity  in  crystallization 
between  calaverite  and  sylvanite,  as  indicated  by  us  on  page 
240. 

It  was  noted  in  a  recent  number  of  Nature*  that  Mr.  G.  F. 
Herbert  Smith  had  discussed  crystals  of  calaverite  before  the 
Mineralogical  Society  of  London,  and  described  them  as  "  tri- 
clinic,  but  pseudo-monoclinic  owing  to  twinning  about  an  axis 
parallel  to  the  prismatic  zone."  Upon  observing  this,  we 
immediately  communicated  with  Mr.  Smith,  sending  him  the 
results  of  our  investigation,  and  he  in  reply  has  kindly  sent  us 
a  brief  statement  of  his  work.  He  expects  soon  to  publish  his 
results,  and  we  do  not  feel  at  liberty  to  discuss  them  at  this 
time.  It  may  be  stated,  however,  that  he  has  in  the  three- 
circle  goniometer  recently  described  by  him*  an  instrument, 
regarded  as  especially  adapted  to  the  study  of  such  complex 
crystals  as  those  of  calaverite,  by  means  of  which  he  is  able  to 
discover  zonal  relations  which  ordinarily  would  escape  detec- 
tion. From  the  study  of  these  he  is  led  to  assign  simple 
indices  to  the  majority  of  the  forms,  which  necessitates,  how- 
ever, the  assumption  of  triclinic  symmetry  and  a  peculiar 
twinning.  As  far  as  the  angles  and  the  distribution  of  the 
faces  are  concerned,  his  crystals,  like  ours,  evidently  satisfy  the 
conditions  of  raonoclinic  symmetry.     We  quote  the  following 

♦Vol.  Ixlii,  p.  555,  1901. 

■f  MiD.  Mag.,  vol.  xii,  p.  175,  1899. 
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from  his  letter:— "Unless,  however,  the  crystals  are  regarded 
as  triclinic  twins  it  is  impossible  to  obtain  simple  indices. 
This,  I  allow,  is  tlic  only  argument  in  favor  of  this  view; 
there  are  no  reentrant  angles.  I  do  not  know  whether  I  shall 
persuade  any  one  to  share  this  view.  If  the  crystals  arc 
twinned  there  mnst  be  extraordinarily  intimate  penetration." 

The  problem  may,  perhaps,  resolve  itself  as  follows: — Either 
in  the  assumption  uf  monoclinie  symmetry  (which  the  crystiilB 
apparently   possess)  with  comjdex  symbols,  or  triclinic  sym- 


metry (wholly  obscured  by  twinning  and  resulting  in  psendo- 
monoclinic  symmetry)  with  simple  indices. 

When  the  present  article  was  nearly  completed  we  learned 
from  Dr.  Piilachc  of  Cambridge  that  he  and  Professor  Moses 
of  New  York  were  also  engaged  npon  the  study  of  calaverite 
crystals.  They  both  have  fonnd  the  same  forms  as  observed 
by  us,  with  few  exceptions,  and  also  have  crystals  which  arc 
far  more  complex.  It  may  be  expected  that  the  resnlte  of 
their  investigation  will  appear  in  dne  time. 
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It  is  not  claimed  that  the  results  as  set  forth  in  the  present 
eominnnication  furnish  an  explanation  of  the  crystallization  of 
calaverite.  They  are  presented  rather  as  an  accumulation  of 
data  which  has  enabled  us  to  figure  and,  to  a  certain  extent  at 
least,  to  describe  the  crystals,  as  also  to  point  out  close  similar- 
ities in  axial  ratios  and  twinning  between  calaverite  and  syl- 
vanite,  which,  if  wholly  accidental,  are  certainly  remarkable 
coincidences.  Although  our  results  may  not  be  conclusive  nor 
wholly  satisfactory,  they  are  presented  in  such  shape  that 
others  may  makeuse  of  them  in  formulating  any  theories  they 
may  entertain  concerning  the  crystallization  of  this  remarkable 
mineral. 

For  convenient  reference  all  of  the  forms  which  have  been 
recorded  in  the  foregoing  pages  are  shown  in  stereographic 
projection,  figure  30,  and  are  given  in  the  following  tables, 
together  with  their  calculated  two-circle  angles: 
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Considerable  time  has  been  devoted  to  the  stndy  of  the  zonal 
relations  of  calaverite,  with  the  results  shown  in  the  stereo- 

?:raphic  projection,  figure  30,  which  may  be  summarized  as 
ollows : 

1.  i>(304),  i(10-7-ll),  p{lll),  w(ll-14-10),  o(13-22-10), 
(y{ll-29-5)  and  «(ir62-6).  Symbol  of  the  zone  (4  I  3).  This  is 
the  principal  zone,  and  almost  the  only  one  which  is  apparent  on 
simple  inspection  of  the  crystals.  A  possible  simpler  symbol  for 
«  is  (2*1 1 'I),  also  in  this  zone,  but  most  of  the  measurements  indi- 
cate the  more  complex  symbol. 

2.  i>(304),  /(1 12),  <5r(4-7-10),  v(2-ll-10)  and  ^{l3-20-4). 
Symbol  of  the  zone  (4  2  3). 

3.  c(001),/(ll2), /?(111),  m(llO)  and  w  (III).  Symbol  of 
the  zone  (1  1  0). 

4.  m  (110),  A;  (10-32  21),  w?  (Ill),  y  (756),  and  N  (201).  Sym- 
bol of  the  zone  (112). 

5.  Jf  (lOl),  ^(4-7-)0),/?(lll)  andp(44-2r2).  Symbol  of  the 
zone  (121). 

6.  m  (110),  71  (11-14-10)  and  g  (4-7-10).  Symbol  of  the  zone 
(10-I0-3). 

7.  m  (no),  o(l3-22-10),  V  (2-11-10)  and  M^  (SO'IO).  Symbol 
of  the  zone  (1010-9). 

8.  ^(801),  y  (11-20-5),  (T  (2-10-1)?  and  m(IlO).  Symbol  of 
the  zone  (118). 

9.  j5J17-0-2),  5(ll-62-g)  and  m(llO).  Symbol  of  the  zone 
(2-2-17). 

10.  B.,  (901),  p{i\\)  and  w  (2-11-10).  Symbol  of  the  zone 
(186). 

11.  ^>(010),  «  (11-62-6),  ic  (II-20-6)  and  N^  (11-0-6).  This  is 
the  only  case  where  two  pyramidal  forms  have  oeen  observed  in 
a  zone  between  b  and  a  form  in  the  striated  zone.  Furthermore 
it  is  exceptional  to  find  forms  in  the  striated  zone  having  the 
same  vertical  circle  angles  as  the  pyramids. 

In  addition  to  the  foregoing  there  are  a  number  of  very 
close  approximations  to  zones,  some  of  which  are  indicated  by 
dashed  great  circles  in  figure  30.  These  are  drawn  from  (901) 
and  (1*0*4),  and  although  probable  zonal  relations  seem  to  be 
indicated  by  the  projection,  the  symbols  assigned  to  the  forms 
do  not  quite  satisfy  the  zonal  equations,  and  possible  changes, 
indicating  greater  simplicity  of  the  symbols,  do  not  suggest 
themselves. 

Chemical  relations  of  Sylvanite  and  Calaverite. — Both 
minerals  conform  to  the  general  formula  [Au,Ag]Te„  silver 
being  regarded  as  isomorphons  with  gold.  In  sylvanite  the 
proportion  of  gold  to  silver  is  near  1:1,  so  that  the  formula 
may     be    written     AuAgTe^.      The     percentage    of     silver 
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demanded  by  the  formula  is  13'4,  whereas  the  published  analy- 
ses show  from  11'50  to  13*86  per  cent.  An  analysis  of 
sylvanite  from  Cripple  Creek  by  Palache*  yielded  12*49  per 
cent  of  silver  and  a  ratio  of  An  :  Ag=l  :0*87.  As  most  analy- 
ses of  sylvanite  indicate  less  than  12  per  cent  of  silver,  their 
aojreement  with  the  formula  AuAgTe^  is  only  approximate. 
Calaverite,  on  the  other  hand,  is  a  nearly  pure  gold  telluride, 
conforming  closely  to  the  formula  AuTe,,  though  always  con- 
taining some  silver,  and  at  times,  as  indicated  by  the  analyses, 
as  high  as  3*5  per  cent.  Although  chemically  there  is  not  a 
very  great  dinerence  between  calaverite  c6ntaining  3*5  per 
cent  of  silver  and  sylvanite  containing  11*5  per  cent,  still  there 
is  evidently  a  tendency  for  sylvanite  to  conform  closely  to  the 
formula  AuAgTe^  and  calaverite  to  the  formula  AuTe,. 
Thus  from  a  chemical  standpoint  alone  calaverite  may  well  be 
regarded  as  a  distinct  mineral  species.  The  relation  between 
the  two  minerals  is  analogous  to  that  existing  between  calcito 
and  dolomite,  and  as  the  latter  are  closely  related  crystallo- 
graphically,  so  calaverite  and  sylvanite  are  closely  related  as 
indicated  by  their  similarity  in  axial  ratios  and  twinning. 

In  order  to  distinguish  between  sylvanite  and  calaverite,  the 
following  method  of  testing,  which  has  been  applied  to  all  of 
the  occurrences  examined  by  us,  may  bo  recommended :  The 
powdered  mineral  when  boiled  in  a  test-tube  with  concentrated 
nitric  acid  is  quickly  oxidized,  the  silver  and  tellurium  goinff 
into  solution,  gold  being  left.  The  clear  solution,  decantea 
into  another  test  tube,  diluted,  and  tested  with  hydrochloric 
acid,  gives  a  precipitate  of  silver  chloride,  which  is  consider- 
able if  the  mineral  is  sylvanite,  but  is  slight,  or  amounts  per- 
haps only  to  a  turbidity,  if  the  mineral  is  calaverite.  After 
washing  the  gold  by  decantation  it  may  be  dissolved  in  a  few 
drops  of  aqna-regia,  indicating  a  complete  separation  of  gold 
and  silver. 

Sf)ccific  gravity  determinations  and  quantitative  estimations 
of  gold  and  silver  have  been  made  on  specimens  from  the 
Monument  Mine  and  from  the  unknown  Cripple  Creek  Mine 
designated  as  Occurrence  No.  2.  Of  material  from  the  lirst 
source  a  single  fragment  weighing  0*7729  grams  was  employed, 
while  from  the  second  source  a  number  of  fragments  weighing 
1'2532  grams  were  available.  The  specific  gravity  determina- 
tions were  taken  with  much  care  on  a  chemical  balance.  The 
results  bv  Penfield  are  as  follows : 

♦This  Journal  (4),  x,  p.  422,  1900. 
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MoDumcnt  Mine. 
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The  ratio  of  Au  +  Ag:  Te  in  both  analyses  is  0*98  :  2^00,  or 
very  nearly  1  :  2.  The  second  occuri'ence  approaches  very 
near  to  a  simple  gold  telluride,  the  per  cent  of  silver,  0'40, 
being  the  smallest  thus  far  recorded  in  any  published  analysis 
of  calaverite.  The  specific  gravity  determinations  are  a  few 
tenths  higher  than  generally  given  ;  from  the  nature  of  the 
material,  however,  and  the  care  exercised  in  taking  them  they 
must  be  very  exact.  Of  the  other  occurrences  examined  crys- 
tal lographically  by  us,  No.  5,  from  the  Prince  Albert  Mine, 
contains  3-23  per  cent  of  silver,  as  determined  by  Hillebraud, 
and  the  others,  occurrences  3  and  4,  are  probably  about  like 
the  material  from  the  Monument  Mine,  judging  from  qualita- 
tive tests. 

In  all  of  his  publications  on  calaverite  Genth  describes  the 
mineral  as  having  a  bronze-yellow  color.  This  seems  to  us 
misleading,  for,  although  the  crystals  have  at  times  a  yellowish 
cast,  the  brightest  and  best  of  them  are  silver-white.  Some  of 
the  dull  crystals  examined  by  us  have  a  gray  color,  very  like 
that  of  tarnished  silver. 

It  is  interesting  to  note  the  production  of  gold  from  the 
Cripple  Creek  region,  as  communicated  to  us  by  Mr.  T.  A. 
Rickard  of  Denver.  During  1900  the  production  amounted 
to  877,972  ounces,  valued  at  $18,147,681,  and  it  is  probable 
that  the  most  of  this  vast  amount  was  derived  from  calaverite. 
It  was  practically  all  derived  from  telluride  ores,  as  very  little 
free  gold  is  found  in  the  district,  and  that  only  in  the  upper- 
most portions  of  the  veins,  near  the  surface. 

Sheffield  Laboratory  of  Mineralogy  and  Petrography, 
Yale  University,  New  Haven,  July,  1901. 
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SCIENTIFIC    INTELLIGENCE. 

1.  On  Temporary  Set;  by  C.  Barus. — Following  the  sugges- 
tions of  my  last  paper*  I  have  since  been  able  to  map  out  the 
occurrence  of  what  I  shall  call  temporary  set,  distinguished  from 
permanent  set  inasmuch  as  the  former  may  be  shaken  out  of  a 
metal  by  molecular  agitation  (without  heat,  as  for  instance  by 
magnetization  of  iron).  The  latter  cannot,  of  course,  be  shaken 
out  of  the  metal.  Temporary  set  (dO)  is  instantaneously 
imparted  ;  it  begins  with  the  zero  of  twist  (0),  increasing  at  an 
initial  rate  d$/0=:'004,  the  rate  gradually  diminishing  to  zero 
when  the  (elastic)  obliquity  of  the  external  fibre  of  the  twisted 
wire  exceeds  •002  radians,  after  this  temporary  set  becomes 
unstable,  passing  into  permanent  set.  The  maximum  amount  of 
temporary  set  may  be  estimated  as  '0015  of  the  maximum  twist 
within  the  elastic  limits.  Its  variation  depends  not  on  the 
impressed  strain  but  on  the  ayitecedent  strain,  i.  e.,  the  strain 
between  two  successive  molecular  agitations  and  which  may  lie 
on  both  sides  of  zero. 

2,  Some  netc  rock-types, — Kenyte.  This  name  has  been 
applied  by  J.  W.  Gregory  to  "  liparitic  representatives  of  an  oli- 
vine-bearing  nepheline  syenite,  consisting  of  anorthoclase  pheno- 
crysts  with  or  without  some  augite  and  olivine  phenocrysts  and 
a  glassy  or  hyalopilitic  groundmass  which  varies  in  color  from 
grayish  green  to  a  deep  sepia-brown.  Aegyrine,  if  present, 
occurs  in  small  granules  ;  aenigmatite  and  quartz  are  absent." 
The  rocks  occur  as  surface  lava  flows  on  Mount  Kenya  in  East 
Africa.  They  are  supposed  to  be  closely  related  to  pantellarites 
but  no  analyses  are  given  of  them,  and  as  the  glassy  base  is 
stated  to  gelatinize  with  acid  and  to  contain  abundant  soda,  it 
is  difficult  to  see  why  they  are  not  glassy  phonolites  especially 
as  they  are  held  to  be  surface  representatives  of  the  nephelite 
syenite  of  the  central  core. —  Q,  J,  Geol,  Soc,  Ivi,  p.  211,  1900. 

Kbdabekite.  E.  von  Federov  has  given  this  name  to  a 
rock  occurring  in  dike  form  in  the  vicinity  of  the  Kedabek 
mines  in  the  Government  Elisabethpol,  Transcaucasia.  It  is 
very  fine  granular,  of  a  dark  gray  with  a  tone  of  green.  It  con- 
sists of  basic  pla^ioclase,  a  lime-iron  garnet  (**aplome")  and  a 
strongly  pleochroic  pyroxene  called  violaite  (conf.  p.  86  of  this 
volume).  The  type  is  held  to  be  remarkable  in  that  it  unites 
such  different  kinds  as  augite-garnet  rock  and  diabase.  The 
occurrence  is  in  close  relation  with  an  augite-garnet  rock  and  is 
held  to  be  a  local  facies  of  a  neighboring  diabase.  The  analysis 
by  A.  Kupffer  gave  : 

SiOa     AlaOa    Fe,0.   FeO     MnO      CaO      MgO    NaaO      KaO     Ign. 

1  44-64     18-54       6-63     4-63       '09       2217      2-52       '80  05       •18  =  100-27 

2  4411      19-38       5  17     5*44        —       21-98      2  90       '50         -13       -26=  99-87 

The  type  is  mentioned  as  also  occurring  in  the  mining  district  of 
Bogoslowsk. — Separate  ;  conf.  also  Annuaire  geol.  et  min.  de  la 
Rtissie,  iv,  Liv.  vi,  p.  f37.  l.  v.  p. 

*This  Journal,  xi,  1901,  p.  97. 
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Obituary. 

Joseph  LeConte,  Professor  of  Geology  and  Nataral  History 
in  the  University  of  California,  died  on  the  sixth  day  of  July  in 
the  88th  year  of  his  age.  His  death  occurred  in  the  Tosemite 
Valley,  California. 

Professor  LeConte  was  a  noble  example  of  the  type  of  man, 
now  rare,  whose  distinction  and  iniiaence  are  due  to  breadth  of 
knowledge  in  all  fields  of  science  and  clearness  of  perception  and 
exposition  rather  than  to  that  exclusive  mastery  of  the  minute 
details  of  some  one  branch  of  science  so  essential  to  the  expert 
specialist. 

His  originality  of  thought  and  powers  of  research  are  well 
expressed  in  the  series  of  papers  finally  published  in  1880  under 
the  title  "Light,  an  exposition  of  monocular  and  binocular 
vision."  In  this  work  the  dominant  characteristics  of  his  mind 
are  exhibited  in  the  combination  of  a  deep  and  thorough  compre- 
hension of  the  laws  of  the  visible  and  measurable  phenomena  of 
optics,  with  a  keen  appreciation  of  the  subtle  and  invisible  work- 
ings of  the  sensitive  eye  and  perceiving  mind  by  which  physical 
vibrations  of  light  are  transmuted  into  conscious  sight.  Psy- 
chology, in  his  thought,  was  intimately  associated  with  physiol- 
ogy and  physics. 

His  "Elements  of  Geology"  (1st  edition,  1878)  has  been  used 
by  a  generation  of  students  and  is  distinguished  for  the  clearness 
of  its  exposition  of  the  principal  facts  and  laws  of  the  science  of 
geology.  The  philosophical  problem  connected  with  the  adapta- 
tion of  evolution  to  social  life,  education  and  religion  deeply 
interested  him  :  and  his  books  "  Religion  and  Science  "  (1873)  and 
"Evolution  and  its  relations  to  religious  thought"  (1887)  opened 
the  truths  of  modern  science  to  many  minds  that  would  have 
long  remained  in  ignorance  except  for  the  keen  human  sympathy 
and  teaching  capacity  which  were  prominent  traits  of  his  char- 
acter. He  was  a  man  of  charming  personality,  beloved  as  well 
as  admired  by  all  who  met  him. 

Of  Huguenot  ancestry,  he  was  born  in  Georgia,  Feb.  26,  1 823. 
He  was  educated  as  a  physician,  though  the  greater  part  of  his 
life  was  spent  as  a  teacher.  He  studied  with  Agassiz  at  Harvard, 
taking  the  degree  of  B.S.  in  geology  and  zoology  in  1851.  ile 
held  several  professorships  in  Georgia  and  South  Carolina  col- 
leges before  the  year  1869,  when  he  was  appoir.ed  Professor  of 
Geology  and  Natural  History  in  the  new  University  of  California, 
the  position  he  occupied  to  the  end  of  his  life. 

He  published  numerous  papers  and  books  on  scientific,  philo- 
sophical and  educational  subjects.  The  degree  of  LL.D.  was 
conferred  by  the  University  of  Georgia  in  1879.  He  was  a 
member  of  the  National  Academy  of  Sciences,  the  American 
Philosophical  Society,  the  American  Academy,  the  New  York 
Academy,  the  Geological  Society  of  America,  the  American 
Association  and  other  scientific  societies.  IJe  was  acting  president 
of  the  International  Congress  of  Geologists  at  its  meeting  in 
Washington  in  1891.  w. 
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Art.  XXVII. — On  Galvanometers  of  High  Sensibility;  by 
C.  E.  Mendenhall  and  C.  W.  Waidner. 

After  considerable  experience  with  sensitive  galvanometers 
we  have  been  led  to  the  design  and  construction  of  an  instru- 
ment which,  while  it  is  not  more  sensitive  than  the  best 
hitherto  made,  still  possesses,  we  think,  advantages  as  regards 
convenience  and  ease  of  manipulation  which  make  this  short 
account  worth  while.  We  also  give  the  results  of  some  ex- 
periments with  minute  magnets  which  have  a  bearing  upon  the 
general  subject  of  sensitive  galvanometry. 

The  galvanometer  is  of  the  ordinary  four-coil  Thomson 
type,  the  materials  used  being  brass  and  glass,  with  insulating 
tfber  supports  for  the  coils.  The  dimensions  are  in  general 
smaller  than  is  customary,  as  can  be  seen  from  iig.  1,  which 
shows  a  simplified  elevation  (details  omitted),  and  which  is 
drawn  to  scale,  so  that  from  the  dimensions  given  a  general 
idea  of  the  proportions  of  the  instrument  can  be  obtained.  It 
should  be  said  that  the  tube  for  the  quartz  fiber  is  supported 
from  the  base  independently  of  the  outer  cylindrical  glass  case, 
but  the  supporting  pillars  are  omitted  from  the  drawing  for 
the  sake  of  simplicity.  Figure  2  shows  a  plan  of  the  working 
arrangement  of  galvanometer,  control  magnet  support,  etc., 
while  fig.  3  is  a  photoficraph  of  the  instrument  mounted  for  use, 
showing  again  the  acljnstments  for  control  magqets,  and  the 
method  of  viewing  the  needle-system  as  it  hangs  m  position. 

The  two  pairs  of  coils  are  supported  on  two  sliding  carriages 
(suggested  oy  the  instrument  of  Mr.  Abbot's  design  at  the 
Smithsonian  Astrophysical  Observatory),  but  these  can  be 
given  to-and-fro  rectilinear  motion  by  screws  from  outside  the 
case.  The  coils  have  adjustments  about  vertical  and  horizontal 
axes,  and  vertical  and  horizontal  sliding  adjustments,  so  that 
they  can  be  centered  and  placed  parallel  and  vertical. 

Am.  Joub.  Sol— FoirsTH  Series,  Vol.  XII,  No.  70.— October,  1901. 
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Tlie  slaee  tnbe  carryiDg  the  quartz  fiber  pasGeB  through  the 
top  of  the  instrument  nearij  down  to  the  top  of  the  coiTe,  and 


carriee  at  its  upper  end  a  rack  and  pinion  motion  for  rainng 
and  lowering  tbe  fiber  and  system.     By  having  the  ooil  sup- 


ports slender  and  out  of  the  way,  and  the  outer  case  of  glass,  tbe 
space  between  the  coils  is  well  iihiminated  and  easily  visible. 

Tbe  movable  coils  furnish  a  quick  means  of  varying  the 
seDBibiMty ;  and  besides,  they  render  the  insertion  of  light  and 
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delicate  sj^stems  a  simple  tnattep.  Tlie  length  of  the  qaartz 
fiber  is  bo  chosen  that  the  entire  system  can  be  drawn  up  into 
the  glass  tube;  while  in  thia  position  the  tube  can  be  placed 
in  the  galvanometer  withont  danger  to  the  fiber  or  system. 


The  coils  being  now  pnlled  apart,  the  system  can  be  lowered 
into  place,  after  which  the  coils  can  be  approached  as  cnrefnlly 
as  is  desired.  The  easy  visibility  of  the  system  ie  another 
important  consideration;  in  particular  we  have  found  the 
arrangement  of  telescope,  mirror  and  milk-giaes  screen,  as 
shown  in  fig.  2  and  fig,  3,  extremely  convenient,  as  enabling 
the  operator  at  the  scale  to  know  the  position  of  the  system 
independent  of  the  spot  of  light.    The  telescope  \e  a^'     '   ^ 
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that  the  field  of  view  includes  the  space  between  the  coils,  and 
shows  the  needle-system  clearly  defined  against  the  illuminated 
milk-glass;  when  the  system  hangs  in  the  desired  position  par- 
allel to  the  coil-faces,  the  magnets  appear  end-on,  and  they  are 
so  thin  that  a  very  slight  departure  from  this  end-on  position 
can  be  detected.  In  fact,  *' finding  the  spot  of  light "  becomes 
easy;  it  can  be  adjusted  to  within  a  few  centimeters  of  it« 
desired  position  on  the  scale  by  adjusting  the  control  magnets 
until  the  system- magnets  appear  end-on,  after  which  the  care- 
ful adjustment  of  zero  can  proceed  as  usual.  The  dimensions 
of  the  coils  being  small,  very  light  systems  can  be  used,  the 
control  field  can  be  made  very  nearly  equal  at  the  upper  and 
lower  coils,  and  magnetic  shielding  can  be  more  easily  applied. 
Construction  is  simplified  by  the  circular  form  of  the  case,  per- 
mitting the  extensive  use  of  lathe  work. 

We  would  suggest  the  change  of  the  top  of  the  fiber  tube 
from  its  present  form  to  that  given  in  fig.  1 ;  the  centering 
screws  there  shown  would  allow  considerable  horizontal 
adjustment  of  the  fiber,  and  would  clamp  it  in  any  desired 
position.  A  larger  but  shorter  fiber  tube— say  2*^"'  internal 
diameter,  a  heavier  base,  and  a  method  of  clamping  the  outer 
case  above  the  base,  so  as  to  permit  free  access  to  the  interior, 
would  also  be  better. 

In  connection  with  this  instrument  we  have  used  a  support 
for  control  magnets  shown  in  plan  in  fig.  2,  and  in  perspective 
in  fig.  3 ;  this  permits  an  independent  rotation  and  vertical 
motion  of  the  symmetrical  pair  of  control  magnets,  by  the 
observer  at  the  scale,  using  the  long  shafts  shown  in  tig.  2. 
Independent  changes  in  direction  and  magnitude  of  the  con- 
trol vector  are  thus  possible.*  In  our  apparatus,  one  turn  of 
the  observer's  handle  rotates  the  control  magnets  through  20*^, 
and  this  is  sufiiciently  delicate  for  most  circumstances.  It  is 
convenient  to  have  the  magnetic  force  due  to  the  control  mag- 
nets nearly  the  same  at  the  upper  and  lower  coils,  because  the 
behavior  of  the  needle  can  then  be  more  easily  predicted; 
with  our  control  magnets  35^°"  above  the  coils,  there  is  a  diflEer- 
ence  of  about  15  per  cent,  which  is  ordinarily  not  enough  to 
confuse  matters.  For  example,  if  (fig.  4)  AO  represents  in 
magnitude  and  direction  the  earth's  magnetic  force,  AB  the 
direction  in  which  it  is  desired  to  have  the  resultant  field,  then 
for  a  given  height  of  the  control  magnets  there  are  two  posi- 
tions of  the  magnets,  OC  and  OD,  which  give  a  resultant  in  the 
desired  direction  ;  one,  00,  giving  a  long  period  of  vibration, 
the  other  a  short  period.  These  two  periods  will  be  obtained 
provided  the  force  OC  due  to  the  control  magnets  is  greater  than 

*See  Waidner,  chap,  on  fc&IvaDomcters,  Amos  k,  Bliss,  Laboratoiy  Manuftl; 
also,  Hogers,  in  Nichols,  "  The  Galvanometer.'* 
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OP  and  less  than  OA,  and  one  of  the  periods  increases  and 
the  other  diminishes  as  OC  approaches  AO  in  magnitude. 

Very  light  systems  are  of  course  extremely  sensitive  to  air 
currents,  such  as  will  be  produced  by  very  slight  inequalities 
in  temperature;  it  is  therefore  important  that  the  entire  gal- 
vanometer be  protected  somewhat  as  indicated  in  lig.  2.  The 
coil  faces  are  covered  with  gold-leaf — and  static  charges  of  elec- 
tricity upon  them  have  given  little  or  no  trouble;  but  magnetic 
impurity  in  the  material  of  the  coils  is  very  troublesome,  and 
necessitates  a  tree  space  of  at  least  a  millimeter  between  the  coil 
faces  (see  Nichols,  "  The  Galvanometer").  White  silk  insulation 
is  somewhat  better  than  green,  though  still  very  bad  ;  and  a  part 

Fig.  4 
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of  the  diflSculty  is  with  the  copper  itself.  The  trouble  seems  to 
be  in  part  due  to  a  permanent  magnetization  of  the  coils,  pro- 
ducing sometimes  a  rather  complicated  distribution  of  poles 
over  tlie  coil  faces,  which  can  be  largely  removed  by  a  careful 
demagnetization  of  the  coils ;  and  in  part  to  the  poles  induced 
by  the  approach  of  the  magnets  of  the  needle  system  itself — 
which  can  only  be  helped  by  using  purer  material. 

In  winding  the  coils  the  ends  of  all  the  sections  were 
brought  out,  and  small  soldered  junctions  made  on  the  back  of 
the  coil ;  hence  six  sizes  of  wire,  viz. — 40,  38,  36,  34,  32,  30, 
could  be  used  without  danger  of  wasting  space  in  junctions. 
But  the  gain  is  probably  hardly  worth  the  trouble. 

In  malcing  very  light  systems  it  is  convenient  to  begin  by 
fastening  the  magnets  in  the  proper  relative  position,  to  a  piece 
of  plate  glass  with  a  solution  of  sugar  or  flour  paste  ;  after  the 

flass  staff  and  mirror  have  been  fastened  on,  the  system  can 
e  loosened  with  a  drop  of  water.  One  of  our  best  systems 
developed  after  use  a  second  position  of  equilibrium,  which  it 
would  assume  if  given  a  large  deflection  ;  it  seemed  to  be  due 
most  probably  to  a  change  in  strength  of  the  magnets  caused 
by  the  inductive  action  of  the  field,  rather  than  to  toreion  of 
the  staff  of  the  system — as  before  suggested.* 

*AstTophy&.  Journal,  Jan.,  1901,  p.  41. 
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Changes  of  zero^  and  changes  in  sensibility, — In  general 
both  the  zero  and  the  sensibility  of  a  galvanometer  will  be 
aflfected  by  the  changes  constantly  going  on  in  the  direction 
and  magnitude  of  the  earth's  horizontal  force,  and  it  becomes 
of  interest  to  know  whether  there  is  any  position  of  the  gal- 
vanometer with  respect  to  the  magnetic  meridian  which  will 
give  minimum  values  for  these  disturbances.  An  examination 
of  the  magnetic  records  of  the  Naval  Observatory  shows  that 
rather  quick  changes  of  II  to  the  amount  of  nearly  1  per  cent 
may  be  expected  rarely,  and  to  the  amount  of  \  per  cent  fre- 
quently, while  the  declination  sometimes  changes  rapidly  by 
19'  and  frequently  by  3'.     A  consideration  of  the  vector  dia- 

fram  previously  given,  involving  the  earth's  horizontal  force 
[,  the  force  due  to  the  control  magnet  M,  and  the  resultant 
force  R,  supposing  the  above  changes  to  take  place  in  the 
direction  and  magnitude  of  H,  and  assuming  various  directions 
for  R,  shows  that  there  is  no  position  of  the  galvanometer  for 
which  the  resulting  changes  of  zero  or  sensibility  are  raarkedl}- 
small.  For  null  methods,  however,  in  which  changes  of  sensi- 
bility are  of  less  moment  than  changes  of  zero,  it  would  be 
somewhat  advantageous  to  have  the  plane  of  the  coils  parallel 
to  the  magnetic  meridian.  It  is  interesting  to  note  the  magni- 
tude of  the  changes  produced  by  the  above  mentioned  changes 
in  H  and  the  declination  in  the  case  of  two  identical  systems, 
both  arranged  to  have  a  complete  period  of  10'  in  the  galva- 
nometer, but  one  having  a  period  of  l**  in  the  earth's  tield, 
while  the  other  is  astaticised  to  a  4*"  period.     In  the  first  case 

H 

the  resultant  field  in  the  galvanometer  would  equal    --,  in  the 

second  case  -- -  ;  and  we  would  have,  if  the  plane  of  coils  is 
perpendicular  to  magnetic  meridian  : — 

(a)  non-astatic, 

change  of  zero  due  to  19'  change  in  declination,       =     0° 

ii       u      «      a  u         i<  H  of  15^  =  90° 

change  of  sensibility  due  to  1 9'  change  in  declination  =  bbi 

u        u  a  «     u  u        <*  Hof  1^        =   bi^'^ 

(b)  astatic 

change  of  zero  due  to  10'  change  in  declination         =     0° 

"      "       "     ''  '']      "  Hof  I^  =  3°40' 

change  of  sensibilitv  due  to  19'  change  in  declination  =   3.5^ 
"       ''         "        ^     "     '*  "       "  Hof  l'^        =  \i' 

With  the  astatic  system,  but  for  the  smaller  changes  in  H  and 
declination  of  ^  per  cent  and  8',  the  change  in  zero  would  be 
less  than  30'  (or  18'"'"  at  1™  distance),  and  the  change  of  sensi- 
bility about  0*6  per  cent.  This  emphasizes  the  great  importance 
of  careful  astaticising  unless  magnetic  shielding  is  available. 
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The  problem  nsaallj  at  hand  in  the  constraction  of  highly 
sensitive  ^Ivanoineter  systems  is  to  construct  a  system  which 
shall  have  the  greatest  attainable  sensibility  for  a  given  period 
of  vibration,  as  it  is  a  great  advantage  to  have  a  short  working 
period,  especially  where  magnetic  aisturbances  cause  constant 
variations  in  the  zero.     If  we  let 

m,=  magnetic  moment  of  the  upper  group  of  magnets, 
m,=  magnetic  moment  of  the  lower  group  of  magnets, 

K  =  moment  of  inertia  of  the  system  (including  also  the  non- 
magnetic material), 
H  :=  strength  of  the  resultant  controlling  field, 
T  =  time  of  a  complete  vibration  (undamped), 

then  we  have  the  following  relations 


Tz= 


But  the  deflection  for  a  given  current  and  set  of  coils. 


or,  substituting, 


(m^  +  m,)T 


And  for  a  given  period  tliis  may  be  written 

Consequently  the  greatest  sensibility  is  attained  by  building 
up  the  system  of  such  magnets  that  the  relation   j^  shall  be  a 

maximum.  It  was  with  this  object  in  view  of  determining 
the  best  dimensions  of  magnets,  quality  of  steel,  the  mutual 
action  of  magnets  on  one  another  when  placed  near  together 
as  they  are  in  galvanometer  systems,  the  effect  of  boiling,  and 
of  mechanical  jars,  the  magnetic  moments  and  inductions 
attained  in  these  short  magnets,  etc.,  that  the  experiments, 
recorded  in  the  following  tables,  were  made. 

The  magnetic  moments  of  these  small  magnets  were  studied 
by  mounting  a  number  of  them,  as  nearly  alike  as  possible  and 
whose  dimensions  had  been  carefully  measured,  on  small  brass 
discs  whose  moments  of  inertia  would  be  accurately  computed 
and  were  large  in  comparison  with  the  moment  of  inertia  of 
the  magnets,  which  entered  as  a  slight  correction  term.     The 
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magnets  were  then  magnetized  in  the  uniform  lield  of  a  small 
electromagnet  and  vibrated  in  an  exhausted  receiver  placed 
at  a  point  where  the  horizontal  intensity  of  the  earth's  field 
had  previously  been  determined.  The  slight  controlling 
moment  of  the  silk  suspension  was  determined  from  the  time 
of  oscillation  of  the  brass  disc  without  any  magnets  on  it,  and 
allowed  for  in  all  the  experiments.  The  results  of  these 
experiments  are  given  in  the  following  tables.  These  magnets 
were  mounted  on  the  face  of  the  disc,  side  by  side,  so  that 
the}'^  occupied  the  same  relative  positions  that  they  would  in  a 
galvanometer  system. 
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0-210 

0-252 
0-161 
089 


E 
S 

w 
«n 
«* 

c 


0061 

0-060 
0-059 
0-058j 
0059! 
0-059| 
0-061 

0-050 
0-050l 
0-060J 

0-0501 
0-052| 
0-120, 


u  ^ 

"•V 
«  C 

> 


0-000055 

0000043 

0-000032 

0-0000197 

0-0000128 

0-0000103 

00000067 

0  0000295 
0-0000178 
0  0000103 

0-0000141 

0-0000096i 

0-00044 


1-63  ;  0-79  0-1261  0*000152 


1-09 

3-35 
2-29 
1-67 
0-80 
1-53 

3-13 
1-14 

2-20 
1-21 


0-74 

0-52 
0-51 
0-52 
0-50 
0-254 

D= 
D= 

D= 


0-1-251 

0-1  loj 
0-115; 
0-115' 
0-1  I5j 
0-1141 

0-22  ! 
0-22  [ 

0-0781 
0-069! 


0-000101 

0-000200 
0-000135 
0-000100 
0-000046 
0-000044 

0-000119 
0-000043 

00000 1 05 
0-0000045 


Weight  per 
Magnet  grms. 

S    6 

1 

• 

0 

III 

c  _• 

r  C 

V  c 

<2 

000043   i   3400 

0-02680 

469 

0000337        " 

0*0184 

422 

0-000251        " 

0-0122       382 

0-000155       " 

0-00485     246 

0-000100       " 

0-00215 

168 

0-000081        « 

0-00143 

139 

0-000053        '* 

0-000542     81 

1 

0-000232        " 

0-0110 

372 

'0-0001401       " 

0-00405 

228 

0-000081 

« 

0-00130 

127 

0-000111 

a 

0-00252 

179 

0-000076 

a 

0-00193 

201 

0-00345 

2200 

0-1261 

284 

5200 

0-1248 

28.3 

1  0-00119 

800 

0-0102 

67 

1300 

0-0107 

70-5 

i   3400 

0-0107 

70'5 

0-00079         " 

0-0052 

51^ 

10-00157   ■  8400 

0-0407 

202 

'  0-00106   '      " 

0-0198 

144 

0-00078 

it 

o-oioo 

99 

0-000361'      " 

00031        67 

0-000345        " 

0-0049 

111 

000094 

C( 

0-0211 

177 

0-00034 

tt 
ti~ 

0-0024 

55 

'  0-000082 

0-00284 

270 

0-000035 

u 

0-00076 

W 
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Saturation  of  Magnets. — The  experiments  with  magnet  B, 
(see  preceding  table),  magnetized  in  fields  of  2200  and  5200 
lines,  and  with  magnet  B„  magnetized  in  fields  varying  from 
800  to  3400  lines  per  sq.  cm.,  show  that  a  limit  to  the  intensity 
of  magnetization  attainable  is  soon  reached,  practically  in  a 
field  of  1000  lines  of  induction  per  cm'.  We  undoubtedly 
have  the  isthmus  effect  coming  in  when  these  small  magnets 
are  magnetized  by  placing  them  between  the  faces  of  an  elec- 
tromagnet ;  thus  in  B,  which  was  magnetized  in  a  field  (undis- 
turbed) of  2200,  an  average  intensity  of  magnetization  of  284 
is  reached,  which  must  correspond  to  an  average  remanent 
induction  of  at  least  3500. 

Effect  of  Length  and  Cross  Section  of  Magnets, — The  experi- 
ments made  on  the  group  of  fine  hair-spring  magnets  Hj  to 
fl„  all  taken  from  one  piece  tempered  glass  hard  in  water, 
shows  the  variation  of  the  magnetic  moment  with  the  length. 
These  results  are  plotted  in  a  curve,  fig.  6  (p.  260),  which  shows 
that,  for  short  magnets,  the  magnetic  moment  decreases  much 
more  rapidly  than  in  proportion  to  the  length. 

The  effect  of  cross  section  on  the  intensity  of  magnetization 
is  shown  by  comparing,  e.  g.,  H,  and  B,,  the  average  intensity 
of  magnetization  in  H,  (although  shorter)  being  more  than  2*7 
times  that  in  B,.  Similarily  A,  (width  reduced  by  grinding), 
although  shorter,  has  a  considerably  greater  intensity  of  mag- 
netization than  A3.  Tiiis  strongly  emphasizes  the  fact  that 
probably  the  greatest  gain  in  sensibility  at  present  at  our  dis- 
posal is  in  the  use  of  a  number  of  magnets  of  small  cross  sec- 
tion instead  of  one  (or  so)  of  large  section,  i.  e.,  if  you  have  a 
given  mass  of  magnetic  material  (to  be  made  up  of  magnets 
of  a  given  length),  the  system  will  be  considerably  more  sen- 
sitive if  you  use  a  number  of  magnets  of  small  cross  section. 
This  brings  up  at  once  the  question  whether,  when  you  divide 
up  the  magnetic  material  into  a  number  of  thin  magnets,  you 
do  not  in  the  end  lose  what  you  gained  in  magnetic  moment 
by  subdivision,  by  the  fact  that  in  galvanometer  systems  the 
magnets  mnst  be  placed  very  near  together  and  so  tend  by 
their  mutual  action  to  weaken  one  another. 

Mutual  Action  of  Magnets, — This  question  was  investigated 
for  many  sizes  of  magnets  and  under  various  conditions;  one 
or  two  experiments  will,  however,  be  sufficient  to  show  that  the 
effect  is  much  smaller  than  is  usually  supposed.  To  study  this 
the  magnets  B,  were  fastened  to  one  of  the  brass  inertia  discs, 
magnetized,  and  period  determined,  in  an  exhausted  receiver, 
when  the  distance  between  the  centers  of  the  magnets  was 
3.30110.  ^}jg  magnets  were  then  pushed  together  until  the  dis- 
tance between  the  centers  of  the  magnets  was  1-2™",  when  the 
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period  was  again  determined ;  magnets  then  pushed  apart,  etc. 
The  results  are  shown  in  the  following  table : 


Distance  between 

Time  of  Vibration 

Magnetic  Moment 

Centers  of  Magnets. 

of  Disc. 

C.  G.  S.  Units. 

Q  .^inin 

2-6l8»*=" 

0-1251 

1-2 

2-718 

•1160 

3-2 

2-659 

•1212 

1-2 

2-725 

•1155 

3-2 

2-663 

•1209 

1-2 

2-727 

•1153 

3-2 

2-666 

•1206 

These  experiments  show  that  the  first  near  approach  of  the 
magnets  produced  a  permanent  decrease  in  the  magnetic 
moment  amounting  to  about  4  per  cent  (this  was  to  be  expected 
inasmuch  as  these  magnets  had  not  been  aged).  After  that  it 
will  be  seen  that  the  magnets  practically  regain  their  former 
magnetic  moment  on  separation.  The  temporary  decrease  in 
magnetic  moment  due  to  mutual  action  is  less  than  5  per  cent. 

A  similar  set  of  experiments  with  the  shorter  magnets,  B„ 
gave  a  decrease  of  5*5  per  cent  due  to  mutual  action  when  the 
center  lines  of  the  magnets  were  l"""  apart.  When  the  mag- 
nets were  pushed  together  so  that  they  touched  their  neighbors 
throughout  their  length,  the  magnetic  moment  continaed  to 
decrease  for  some  minutes  until  the  decrease  amounted  to  19 
per  cent,  and  on  separating  them  they  did  not  recover  but  were 
permanently  weakened  about  10  per  cent. 

Quality  of  Steel, — Under  similar  conditions  magnets  of 
Jonas  &  Colver's  special  magnet  steel*  (probably  tungsten  steel) 
have  moments  about  25  per  cent  greater  than  those  made  from 
watch  hair-spring,  which  is  the  next  best  material. 

Effect  of  Jars^  etc, — Magnets  B„  4™"  long,  dropped  twenty 
times  though  30*^  on  to  a  glass  plate  diminished  only  ^  per  cent 
in  magnetic  moment ;  with  magnets  B*,  1™"  long,  the  change 
was  less  than  1  per  cent.  Boiling  immediately  after  magneti- 
zation reduces  tlie  moment  by  10  per  cent  or  15  per  cent,  and 
most  of  the  loss  occurs  during  the  first  few  minutes  of  boiling. 

Paschenf  has  called  attention  to  the  fact  that  to  increase  the 
sensibility,  for  a  given  period,  we  must  increase  the  total  mag- 
netic moment  M  and  decrease  the  moment  of  inertia,  K. 
Assuming  that  the  magnetic  moment  is  proportional  to  the 
volume,  i.  e.,  for  a  given  cross  section  proportional  to  the 
length  of  the  magnet,  and  that  the  inertia  of  the  non-magnetic 

♦  From  Boker  &  Co.,  N.  V.  +  Wied.  Ann.,  xlviii,  282. 
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material   could   be   neglected,   Paschen  showed   that  if    two 
systems  were  made  with  magnets  of  the  same  cross  section  but 

of  lengths  I  and     respectively,  then  the  second  should  give  a 

deflection  n'  times  as  large  as  the  first  system,  for  if 

the  magnetic  moment  of  the  first  system  =  M^ 
and  the  moment  of  inertia  "  "         ''        =  K, 

then 

M 

the  magnetic  moment  of  the  second  system  =  — ' 

and  the  mom.  of  inertia  "         "  "       =  — ? 

n 

M 

The  deflection  of  first  system  is  proportional  to  ^ ' 

K 

M     / 
and  "      "         "  second       "        proportional  to  '    /j- 


/ 


w 


i.  e.,  the  deflection  of  the  second  system  is  n'  times  that  of 
the  first  system.  The  assumption  (that  M.  ex  I  for  given  cross 
section)  on  which  the  deduction  is  based  is  not  even  approxi- 
mately true  for  short  magnets,  as  the  preceding  experiments 
show,  but  it  does  at  least  indicate  an  advantage  in  favor  of 
short  magnets.  This  deduction  is  supported  by  experiment. 
Thus  Paschen  found  by  testing  three  similar  systems  having 
magnets  4"™,  2""™,  and  1'3""  long  respectively,  made  from 
the  same  fine  hair-spring,  that  the  second  gave  three  times  the 
deflection  and  the  third  six  times  the  denection  of  the  first 
system. 

From  curve  1  it  will  be  seen  that,  if  the  moment  of  inertia 
of  the  non- magnetic  parts  of  the  system  can  be  neglected  in 
comparison  with  that  of  the  magnetic  (a  condition  which  can 
perhaps  be  realized  even  with  systems  as  light  as  2  mg.  total 
weight)  the  sensibilities  of  two  systems  having  magnets  2"™ 
and  1™"  long  respectively,  of  the  same  material  and  cross 
section,  would  be  proportional  to 

M.  5-2 


K,  (2)' 

M.  1-38 


for  system  1 
for  system  2 


K,  (1)' 

i.e,  the  second  system  would  be  about  twice  as  sensitive  as  the 
first,  instead  of  four  times  as  deduced  by  Paschen  on  the 
assumption  that  M  oc  /  for  given  cross  section. 

If  it  were  always  possible  to  use  enough  magnets,  so  that  the 
non-magnetic  moment  of  inertia  could  be  neglected,  then  the 
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aenBibility  would  continue  to  iDcrease  as  tlie  magaets  decreased 
in  length.  This  not  being  the  case  in  general,  it  is  possible  to 
use  too  short  magnets.  To  show  this  we  have  calculated  the 
sensibilities  to  be  expected  with  four  systems  made  of  the 
same  material  and  cross  section  as  magnets  I,  (see  table),  which 
showed  a.  greater  intensity  of  magnetization  than  any  others  of 
the  same  length.  Furthermore  we  assumed  that  only  four 
snch  magnets  were  to  be  used  in  each  group,  to  be  -65°""  long 
in  the  first  system,  and  1'""',  1-5""",  '2"""  in  the  others  ;  that  the 
mirror  weighed  '23  mg.,  and  was  1"""  x  I'l"""  in  area,  the  staff 
Fig.  .'■. 
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and  shellac  weighed  '09  mg.,  and  the  liook  "06  mg. — these 
values  being  found  by  trial.  Except  for  the  omission  of  the 
hook,  which  is  readily  dispensed  with,  it  would  be  difficult  to 
reduce  the  non-magnetic  mass  much  below  this.  The  results 
are  shown  in  curve  2 — where  ordinatcs  are  proportional  to 
sensibility,  and  abscissse  to  length  of  magnets  usm.  A  ver; 
decided  maximum  is  shown,  for  a  length  of  I'l™*".  It  must  be 
said,  however,  that  the  magnets  could  be  put  closer  together 
without  undue  demagnetization,  and  that  two  seta  could  be 
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mounted,  one  on  each  side  of  the  staff,  thas  increasing  the 
namber  from  eight  to  twenty;  this  would  require  shorter 
magnets  for  maximum  sensibility. 

We  have  not  yet  exactly  realized  this  system  in  practice,  but 
give  the  result  obtained  with  a  system  having  only  six  magnets, 
of  the  same  material  and  cross  section  as  I„  and  an  average 
length  of  about  1-10°*"  ;  the  non-magnetic  moment  of  inertia 
was  probably  a  little  less  than  that  assumed  in  the  above 
calculation.  The  sensibility  actually  obtained,  and  also  the 
sensibility  reduced  to  the  Ayrton-Mather  scale,  is  given  in  the 
following  table,  together  with  the  sensibilities  of  a  few  other 
recent  galvanometers,  taken  from  the  table  of  Ayrton  and 
Mather  (Phil.  Mag.,  Oct.,  1898). 

It  should  be  noted  that  with  these  very  light  systems  the 
"  period  "  when  it  is  at  all  long — say  5"  to  10''  complete — is 
very  difficult  to  determine,  on  account  of  the  great  damping. 
Moreover,  it  is  unfair  to  compare  systems  which  were  tested  at 
considerably  different  periods,  and  reduced  to  the  same  period 
by  assuming  the  sensibility  oc  T'' — for  this  is  on  the  basis  of  a 
free  period.*  In  computing  moments  of  inertia  for  the 
above  systems,  we  have  assumed  that  the  axis  of  rotation  passed 
through  the  center  of  gravity  of  the  system  and  was  parallel 
to  the  staff ;  if  the  system  is  badly  constructed  so  that  the  axis 
of  rotation  departs  •2°*'"  from  the  staff  at  its  upper  extremity,  the 
moment  of  inertia  will  of  course  be  increased,  and  the  sensi- 
bility (for  a  given  period)  decreased  by  about  25  per  cent.  The 
moments  of  inertia  of  the  four  systems  computed  for  use  in 
plotting  curve  2  varied  between  44X10"*'  and  529x10"' 
C.  G.  S.  units. 

Table. 


Galranometer  and  Con- 
stants when  tested. 


Snow  (Wied.  Add. 
xlvii,  p.  218;  Phys. 
Rev.,  i,  p.  37). 

4coil8, 30mm.  ezt. 
and  6mm.  int.  diam. 
Each  coil  wound 
in  2  sections,  with 
1800  turns. 
R=.  l^Oohma 

(series) 


Suspension  System. 


6  small  watch- 
spring  magnets  in 
each  group.  3  on 
each  side  of  staff. 
Magnets  3-4  mm. 
long. 

Mirror  5  mm. 
dia.,  0'14mm.  thick. 

Quartz  fibre  40cm. 
long. 

Wt.  of  system = 
80mg. 


Sensibility  and  condi- 
tions of  use  when 
tested. 


C=:l-5xl0-"ami>. 
per  mm. 
Scale  dist.= 300cm. 
T  (complete)  =■ 

10  sees. 
R=140  ohms. 


Deflections  per  micro- 
ampere when  scale 
dist.--  looo  scale  divs., 
complete  period  •^ 
lo  sees.  Resistance 
«^i  ohm. 


470 


*  See  Ayrton  and  Mather,  Phil.  Mag.,  pp.  366,  1898. 
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Galvanometer  and  Con- 
stants when  tested. 


Wadsworth  (Phil. 
Mag.,  xxxviii,  p. 
553). 

4  coils,  5(Tmm. 
ext  diam.,  2inm  int. 
and  40mm.  deep. 
Each  coil  wound  in 
5  sections,  with 
2396  turns. 
/?=86  o/i7n5  (series) 


Suspension  System. 


Sensibility  and  condi- 
tions of  use  when 
tested. 


Nichols  E.  L.and 
E.  F.  (Phys.  Rev., 
i.  p.  2). 
/^=9-3  ohms 

(parallel)  I 


Paechen     Wied. 
Ann.,  xlviiijp.  284).! 

4  coils,  40mm. ! 
external  and  5mm.  I 
internal  diam.j 
Wound  with  jrraded  | 
wire,  about  1 200 
turns  in  each  coil. 
i?=60  ohms.  ! 


Mcndenhall    and 
Waidner. 

4  coils,  ext.  diam. ' 
=  15mm.,    internal, 
diam.  =  2  mm.      6  j 
sizes  of  wire,   600 
turns  on  each  coil. 
/?=3  ohms 

(in  parallel) 


I  10  small  magnets 
in  each  group  (5  on 
each  side  of  staft, 
varying  from  2- 
3mm.  io  length) 
made  from  smallest 
size  sewing  needles 
(untreated). 

Glass  150  mm. 

r 

loDpr,   weighs  5mg.  ; 
Mirror  (concave) 
2-5mm.    diam.    and  ■ 
weighs  r2mg.  ! 

Wt.  of  system  =  ■ 
48mg.  ; 


C7=4  X  l0-»ia7wp. 
per  fntn. 
Scale  dist.=  100cm. 
T  (complete)  = 

20  sees. 
R=86  ohms. 


DeflectiooB  per  micro> 
ampere  when  scale 
dist.— looo  scale  divs. 
complete  period  » 
IO  sees.  Resistance 
mmx  ohm. 


(7=1-3  X  10->«ttfn/>.  i 

per  mm. ! 

Scale  dist  =15Pcm.  i 

T  (complete)  =         | 

10  sees.  : 

R=9  3  ohms. 


hJach  group  has 
13  magnets  1  to 
1*5  mm.  long,  on 
both  sides  of  glass 
staff  0  3mm.  apart; 

Mirror  2nim.  dia. 
0'03mm.  thick. 

5cm.  quartz  fibre. 

Wt.  of  system  =  ' 
6mg. ; 


C=3-3  X  lO-i-awi;>. 
per  mm. 

Scale  dist.  =  300cm. 

T  =  1 5  sees,     (ape- 
riodic,  i.  e ,  has 
only  one  turning 
point). 
R=60  ohms. 


3  magnets  in  each 
group. 

Total  wt.  Img. 

Wt.  of  magnetic 
part  of  needle  = 
'68mg.,  length  of 
magnets  ^1  15mm. 

Plane  mirror, 
'9mm.  X  1mm. 


(7=5-6  X  10-»^amp. 
per  mm.  deflection. 
Scale  dist=200cm. 
T=9  sec.  complete 
aperiodic  (i.  e.  has 
only  one  turning 
point). 
Zero  stable. 
R=3  ohms. 
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Art.  XXVIII. —  On  a  Method  of  Locating  Nodes  a/nd  Loops 
of  Sound  in  the  Open  Air  with  Applications  ;  by  Bergen 
Davis,  Ph.D. 

The  experiments  and  determinations  given  in  this  article 
constitute  an  application  of  a  new  phenomenon  recently 
described  by  the  writer  in  this  Journal.*  It  is  now  my  wish 
to  point  out  how  the  device  previously  described  can  be  used 
to  locate  nodes  and  loops  of  sound  waves  outside  of  organ- 
pipes,  and  in  general  how  the  mechanical  effects  produced  by 
sound  waves,  at  a  distance  from  this  source,  can  be  studied. 

It  having  been  found  that  a  small  hollow  cylinder  which  is 
closed  at  one  end,  will  move  across  a  stationary  sound-wave  in 
a  direction  perpendicular  to  the  stream-lines,  a  small  mill-like 
arrangement  was  constructed  by  placing  four  hollow  cylinders 
on  the  ends  of  card-board  arms,  in  such  a  manner  that  the 
closed  ends  pointed  in  the  same  angular  direction.  This  mill 
was  provided  with  a  glass  pivot  at  its  center,  and  was  supported 
on  the  point  of  a  fine  needle. 

The  cylinders  were  made  from  , 

No.  00  gelatine  capsules,  and 
were  each  VV^  long  and  •79^°' 
in  diameter.  This  system  was 
mounted  in  the  mouth  of  a  res- 
onator, with  the  plane  of  the 
system  parallel  to  the  mouth, 
and  hence  perpendicular  to  the 
direction  of  vibration.  The 
aperture  of  the  resonator,  with 
the  mill  in  place,  is  shown  in 
figure  1.  The  resonator  was  in 
unison  with  an  organ-pipe  of 
considerable  power,  and  when 
the  pipe  was  blown  the  mill 
was    found   to   rotate   with   a 

high  velocity,  and  the  rate  of  rotation  was  different  for  differ- 
ent positions  in  the  room.  By  carrying  the  resonator  around 
a  large  room,  the  positions  of  the  nodes  and  loops  could  be 
located  with  considerable  accuracy. 

The  resonator  containing  the  mill  was  next  carried  to  another 
large  room,  on  the  floor  above  that  where  the  pipe  was  located  : 
there  was  no  opening  in  the  floor  or  ceiling  between  the  rooms, 
and  the  doors  of  both  rooms  were  tightly  closed,  but  in  spite 
of  this,  the  mill  was  observed  to  rotate  as  before,  but  not  so 
rapidly.     Nodes  and  loops  could  be  located  here  also. 

♦  Bergen  Davis,  this  Journal,  Sept.,  1901,  p.  185. 
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In  order  to  avoid  reflection  from  walls,  and  the  consequent 
formation  of  stationary  waves,  the  pipe  was  then  carried  out 
of  doors,  and  compressed  air  led  to  it  by  a  long  rubber  pipe. 
Here,  in  the  open  air,  the  mill  was  found  to  rotate  very  rapidly 
when  near  the  pipe,  and  the  rate  decreased  with  the  distance 
from  the  pipe,  ceasing  to  rotate  at  about  60  feet  from  the  pipe. 
This  distance  could  probably  be  very  much  increased  by  the 
use  of  more  delicate  apparatus,  especial  care  being  taken  with 
the  pivot  and  needle  point.  This  furnishes  a  means  of  study- 
ing the  decrease  of  intensity  with  distance,  and,  with  the  aid 
of  the  formula  developed  by  Lord  Kayleigh,*  of  measuring 
the  actual  amplitude  of  the  vibration  at  various  points  in  the 
open  air. 

A  very  sensitive  sound  detector  of  this  character  might  be 
made  by  suspending  a  system  of  very  small  cylinders  in  the 
mouth  of  the  resonator  by  means  of  a  quartz  liber,  and  then 
observing  the  deflection  by  a  mirror  and  telescope.  Such  an 
instrument  ought  to  be  as  sensitive  as  the  one  constructed  bj 
Boys,  who  used  a  suspended  disc  for  the  same  purpose^f  An 
instrument  of  this  kind,  perhaps,  might  be  useful  in  investigat- 
ing the  acoustic  properties  of  buildings,  also  in  the  study  of 
the  reflection,  refraction  and  absorption  of  sound. 

Physical  Latx)ratory,  Columbia  University, 
June  15,  1901. 

*  Theory  of  Sound,  II,  pp.  195-200. 
f  Boys,  Nature,  vol.  xlii.  p.  604. 
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Art.  XXIX. — The  Anatomy  of  the  Fruit  of  Cocos  nucifera  ;* 

by  A.  L.  Winton. 

[Contribution    from    The   Connecticut  Agricultural   Experiment  Station,   New 

Haven,  Conn.] 

I.    Morphology  and  Macroscopic  Structure. 

Since  the  general  structure  of  the  eocoauut  fruit  has  been 
treated  by  numerous  writers  on  systematic  and  economic  bot- 
any, only  such  facts  are  here  given  as  are  essential  for  a  clear 
understanding  of  the  relation  of  the  parts  and  the  microscopic 
structure. 

The  flowers  are  arranged  in  spikes  branching  from  a  central 
axis  and  inclosed  with  a  tough  spathe  usually  a  meter  or  more 
in  length  (fig.  1).  A  single  female  flower  is  borne  near  the 
base  of  each  lateral  axis,  and  numerous, male  flowers  are  dis- 
tributed on  all  sides  of  the  axis  between  the  female  flower  and 
the  apex.  After  the  male  flowers  drop,  each  naked  lateral 
axis  persists  and  is  a  prominent  appendage  of  the  fruit  (flgs.  2 
and  3,  S).  Only  one  ovule  of  the  three-celled  ovary  comes  to 
maturity,  but  the  tricarpelary  nature  of  the  fruit  is  indicated 
by  its  triangular  shape  as  well  as  by  the  longitudinal  ridges 
and  the  three  eyes  or  germinating  hole  of  the  nut. 

The  epicarp  of  the  fruit  (fig*  3,  Epi)  is  a  smooth  tough 
coat,  of  a  brownish  or  grayish  color. 

The  mesocarp  (fig.  3,  Me8\  consists  of  a  hard  outer  coat  but 
a  few  mm.  thick  and  a  soft  portion  usually  3-4*^  thick  on  the 
8ides  and  much  thicker  on  the  base.  Imbedded  in  the  meso- 
carp arc  numerous  longitudinally  arranged  fibers,  varying 
in  size  from  slender  hairs  to  large,  sparmgly  branching  and 
anastomosing,  flattened  forms,  2-3"""  broad.  The  large  fibers 
are  situated  chiefly  in  the  inner  layers,  with  their  flat  surfaces 
parallel  with  the  surface  of  the  nut. 

Oftentimes  the  inner  layers  of  the  mesocarp  become  impreg- 
nated with  a  brown  fluid,  which  on  drying,  gives  the  thin  tis- 
sue a  mottled  brown  appearance. 

*  European  microBCopists  have  studied  the  foods  and  adulterants  which  have 
come  under  their  observation  but  have  overlooked  a  number  of  distinctly  Ameri- 
can products.  The  writer  has*  undertaken  to  fill  in  some  of  these  gaps  by  n 
series  of  papers,  of  which  this  is  the  second.  The  first  paper,  on  the  anatomy  of 
maize  cob.  was  published  in  the  Oesterreichische  Chemiker-Zeitung,  1 900,  p.  345» 
and  also  in  the  Conn.  Experiment  Station  Report,  1900,  p.  186. 

Each  paper  will  describe  from  the  purely  scientific  standpoint  the  macroscopic 
and  histological  structure  of  the  material  investigated,  and  also  in  a  final-chapter 
point  out  the  application  of  this  knowledge  to  the  detection  of  adulteration.  The 
last  chapter  is  not  strictly  suited  to  the  pages  of  this  Journal,  but  is  so  dependent 
on  the  scientific  descriptions  which  precede  it  that  it  would  be  almost  valueless 
if  published  separately. 

Am.  Jour.  Sol— Fourth  Sbribs,  Vol.  XII,  No.  70  —October,  1901. 
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Flo.  a.  Halt  KTOWD  coma - 
uut  fruit  with  cal}'i,  and  aiia 
from  which  the  male  flotrers 
have  fnllen.      x  [. 


Flu.  i.    Inner  turbcc  of 

H  cocoanut  sbell  witb  *^^^ 

Fio.  I.     Infloreacence  of  tlie  wcoanut  show-  ing  outer  teata.     At  the  le" 

log  spethe   incloaiag   the  spikes,    e^h  wiili  the  raphe,  from  wbidi  i^*'' 

nutoerouB   male   Son-era  aboT«   and  a    single  ceed   vein*  forming  a  n''' 

/emaJe  flower  near  the  baae.      x  V.  -flmV  tvnet  the  lorfaoo.   "i- 
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The  endocarp,  or  shell  (fig.  3,  End),  consists  of  a  hard,  dark 
brown  coat,  2-6""'  thick,  with  nnmerons  fibers  adhering  to  the 
surface.  Three  nearly  equidistant  ridges  (often  indistinct)  pass 
from  base  to  apex,  where  they  unite  to  form  a  blunt  point. 
At  the  basal  end,  between  the  ridges,  are  the  three  depressions 
or  eyes,  the  tisenee  of  which  are  much  softer  and  thinner  than 
of  the  rest  of  the  shell  (lig.  3,  K).  Through  the  softest  of 
these  eyes  the  embryo,  embedded  in  the  endosperm  directly 
behind  it,  escapes  in  sprouting. 


Flo.  a.  Ripe  cocoanut  fruit.  S,  lower  part  of  a 
upper  eod  of  aiia  with  Hears  of  male  flowers;  Epi,  epicarp;  Jfsu,  mesoearp  with 
fibers :  fniJ,  eodocarp  or  liard  shell;  7,  portion  of  testa  adhering  lo  endosperm ; 
Alb,  endosperm  aurroundiog  cavity  of  the  out;  K,  germinating  eje.      x  \. 

The  testa  of  the  anatropoDS  seed  (fig.  3,  T,  and  fig.  4)  is  ft 
thin  coat  of  a  light  brown  color,  closely  united  with  the  endo- 
carp without  and  the  endosperm  within.  Embedded  in  the 
onter  portion  and  extending  from  the  principal  eye  nearly  to 
the  apex  is  the  raphe,  consisting  of  a  thin  band  of  vascular  tift- 
anefl  about  1°°  broad,  which  sends  off  branches  in  all  directions, 
forming  a  network  about  the  seed.  The  endosperm  with  the 
inner  portion  of  the  testa  may  be  separated  from  the  outer 
testa  and  endocarp  by  introducing  a  knife  blade  between  the 
layers.  By  this  operation  the  veins  are  split,  part  of  the  vaa- 
cnlar  tissue  adhering  to  the  convex  surface  of  the  inner  testa, 
and  the  remainder  to  the  concave  surface  of  the  outer  teeta,  so 
that  both  surfaces  are  covered  with  reticulations. 
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The  endosperm  or  ineat  of  the  cocoanut  (fig.  3,  Alh^  is  a 
white,  fleshy  layer,  1-2^'"  thick,  in  which,  near  the  base,  is 
embedded  the  small  embryo.  While  immature,  the  nut  is 
filled  with  a  milky  liquid  and  has  no  solid  endosperm,  but  as 
the  ripening  proceeds  the  endosperm  is  gradually  formed  and 
at  the  same  time  the  milky  liquid  diminishes  in  quantity  or 
entirely  disappears. 

Cocoanuts  yield  food  for  man  and  cattle,  oil,  fiber,  and  other 
useful  products.  The  epicarp  and  mesocarp  are  cut  away  from 
nuts  designed  for  export,  although  invariably  a  small  amount 
of  the  mesocarp  with  its  fibers  remains  attached  to  the  shell. 
In  removing  the  meat,  the  outer  testa,  as  has  been  stated,  also 
adheres  to  the  hard  shell,  so  that  cocoanut  shells  consist  not 
merely  of  endocarp,  but  also  of  a  certain  amount  of  mesocarp 
and  testa. 

II.   Histology. 

The  microscopic  structure  of  the  cocoanut  seed  is  described 
by  Ilanausek,*  Harz,t  Moeller,:j:  Koenigg  and  other  authori- 
ties on  foods  and  applied  microscopy. 

Cocoanut  fiber  (coir),  which  has  long  been  extensively 
employed  in  making  mats  and  cordage,  and  also  cocoanut 
shell,  which  has  been  used  for  making  knobs  and  other  turned 
articles,  were  studied  by  WiesnerJ  nearly  thirty  years  ago,  but 
his  work  was  designed  chiefiy  to  distinguish  the  fiber  from 
other  commercial  libers  and  the  shell  from  the  similar  shell  of 
Attalea  funifera. 

Von  Hoehnel^f  describes  briefly  the  histology  of  coir,  bat, 
like  Wiesner,  does  not  appear  to  have  understood  the  true 
natnre  of  the  stegmata. 

Weiss,**  Engler  and  Prantl,tt  and  some  other  authors  refer 
briefly  to  the  microscopic  structure  of  parts  of  the  cocoanut, 
but  their  descriptions  are  of  little  value  in  diagnosis. 

1.  Epicarp, 

The  epicarp  or  epidermal  layer  is  about  '015™"  thick  and 
is  made  up  of  tabular  cells  with  dark  brown  contents.  In 
surface  view  the  cells  are  usually  square,  rectangular  or  tri- 

*  Die  NahruDgs-  uod  Genussmittel  aus  dem  Pflanzenreiche,  Kassel,  1884,  p.  155. 

tLandwirthscbaftliche  Samenkunde,  Berlin,  1885,  p.  1120. 
Mikroscopie  der  Nahrungfs-  und  Genussmittel  aus  dem  Pflanzenreiohe,  Ber- 
lin, 1886,  p.  241. 

§  Die  UDtersuchuDg  laudwirtschaftlich  u.  gewerblich  wichtiger  Stoffe,  Berlin, 
1898,  p.  291. 

I  Die  Rohstoffe  dea  Pflanzen-Reiches,  Leipzig,  1873,  pp.  436  and  789.  (A  new 
edition  is  being  published  in  parts,  but  the  chapters  on  the  cocoanut  have  not  yet 
appeared.) 

Tf  Die  Microscopie  der  technisch  verwendeten  Faserstoffe,  Leipzig,  1887,  p.  62. 

•*  Anatomie  der  Pflanzen,  Wien,  1878,  1  Band. 

f  f  Die  naturlichen  Pflanzenfamilien,  II  Theil,  3  Abteilung,  p.  22. 


Winton — Aruitomy  of  the  Fruit  of  (Jocos  nucifera.     269 

ati^lar,  with  doable  walls  abont  •005""'  thick  and  are  arranged 
with  80ine  regularity  in  rows. 

2,  Jtfesocarp. 

(a)  Hardgrmind  tissue. — Tliis  tissue  conBists  of  thick-walled 
cells  which  are  often  tangentially-transvereely  elongated.  In 
the  first  few  layers  the  walls  are  about  the  same  thickness 
ae  iu  the  epidermis,  without  evident  pores,  but  further  inward 
they  are  more  strongly  thickened  (double  walls  often  -OlS""" 
thick)  and  conspicuously  porous.  Still  further  inward  they 
pass  into  the  parenchyma  of  the  soft  ground  tissue. 

(b)  Ba^t-fiber  bundles.— Iti  the  hard  ground  tissue  the  bun- 
dles have  no  phloem  or  xyleni  but  are  composed  entirely  of 
bast-tibers  witit  cell  walls  often  thicker  than  the  lumen.  The 
number  of  fibers  seen  in  cross  eection  varies  from  two  or  three 


Fio.  u.  Tranaverse  secti'iu  ol  a  large  flaltenorf  (mesocirp)  fiber  of  tlie  cocoa- 
nut,  att.  HteKinaia ;  /,  ahcath  ol  bost  flbera;  ph.  two  phloom  Rroupa ;  i.  lylem; 
p.  parenchjDia  of  grouud  tissue;  u,  rudimentary  bundle  bolooging  to  smitU 
bmiicb.      X  90. 

np  to  a  hundred  or  more.     Transitional  forms  between  fibrous 
and  fibro- vascular  bundles  occur  further  inward. 

(e)  Soft  ground  tissue. — The  thin-walled  parenchyma  cells  of 
the  soft  ground  tissue  are  in  some  parts  isodiametrlc,  in  other 
parts  longitudinally  elongated,  and  in  still  other  parts  trans- 
versely-tangential ly  elongated  (fig.  8,  w).  Wherever  the 
brown  liquid  previously  referred  to  lias  penetrated  the  inner 
layers  of  the  mesocarp,  groups  of  the  parenchyma  cells  here 
and  there,  being  impregnated  with  this  material,  are  of  a  rich 
brown  color  and  appear  thicker-walled  than  the  others  (fig,  8, 
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ir,).  This  brown  substance  is  quickly  changed  to  a  reddish 
color  by  caustic  potash,  but  is  not  aflfected  by  alcohol,  ether  or 
the  specific  reagents  for  proteids,  fats  and  resins.  No  imme- 
diate effect  is  produced  by  ferric  chloride  solution,  but  on  long 
standing  the  color  is  changed  to  olive  green. 

(d)  Fibers  {Coir), — These  are  libro- vascular  bundles  with  a 
strongly  developed  sheath  of  bast-libers.  Toward  the  xylem 
side  of  the  bundle,  particularly  in  the  large  fibers,  the  sheath 
usually  diminishes  in  thickness  and  the  vascular  portion,  as 
seen  in  cross  section,  is  more  or  less  eccentric,  surrounded  by  a 
crescent-shaped  sheath  with  the  horns  connected  by  a  narrower 
strip. 

In  the  smaller  fibers  there  is  but  one  group  of  phloem  ele- 
ments, but  in  the  larger  flattened  fibers  there  are  usually  two, 
or  occasionally  more,  groups  separated  from  each  other  by  -a 
continuation  of  the  sheath  (tig.  5).  Normally  the  xylem  is 
near  the  inner  flat  side  and  the  two  phloem  groups  are  approxi- 
mately symmetrical  with  reference  to  the  shorter  axis  of  the 
elliptical  cross  section  ;  but  often  the  xylem  is  near  one  of  the 
narrow  sides  and  the  phloem  groups  are  symmetrical  with  ref- 
erence to  the  longer  axis,  and  still  more  often  the  arrangement 
is  diagonal  or  otherwise  irregular. 

Monl*  in  1831  noted  that  the  phloem  in  the  stem  of  Cala- 
mus was  normally  divided  into  two  distinct  groups,  and  Knyf 
as  well  as  other  authors  have  since  found  the  same  arrangement 
in  a  number  of  palms.  By  the  study  of  many  sections,  the 
writer  has  demonstrated  that  a  cocoanut  fiber  with  two  phloem 
groups  has  also  a  double  xylem,  although  in  most  sections  no 
separation  is  evident,  and  the  whole  fiber  consists  of  two  sim- 
ple bundles  united  side  by  side,  which  may  completely  sepa- 
rate furtli^r  on  in  their  course  by  the  forking  of  the  fiber. 

Serial  sections  cut  through  such  compound  fibers  show  that 
at  the  place  of  forking  the  phloem  groups  are  still  further  sep- 
arated and  the  xylem  also  is  divided  by  bast-fibers,  thus  form- 
ing two  distinct  bundles  which  pass  into  the  two  branches. 
The  phloem  in  each  branch  is  at  first  entire,  but  further  on,  if 
the  branch  is  large  it  usually  divides,  and  still  further  on  the 
whole  bundle  may  split  up,  with  the  formation  again  of  two 
fibers.  Occasionally  a  fiber  which  has  no  evident  division  of 
the  xylem  has  four  groups  indicating  that  the  fiber  is  com- 
posed of  four  united  bundles,  which,  on  branching,  form  two 
fibers  each  with  a  double  bundle. 

Large  fibers  not  only  fork  but  also  send  oflf  small  lateral 
branches.      The    rudimentary    bundles    belonging    to     such 

•  De  Palmarum  Structure,  Translatiou  in  Ray.  Soc.  Reports  and  Papers,  1849? 
p.  29. 

f  Verhandl.  d.  Bot.  Ver.  Prov.  Brandenburg,  Bd.  xxiii,  1881,  pp.  94-109. 
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branches  may  often  be  seen  in  cross  sections  of  the  trnnk  fiber 
below  the  place  of  braaching  (fig.  5,  a). 

a.  Stegmata  (figs.  6  and  6,  ate). — As  seen  in  surface  view 
these  are  circular  or  elliptical  cells  from  008  to  ■020"™  in  diam- 
eter, which  extend  in  longitudinal  rows  over  the  sarface  of  the 
fibers.  LoQgitadinal  sections  show  that  the  cells  are  biconvex, 
fitting  into  aepreeeions  in  the  bast-fibers,  and  that  the  outer 
walls  are  exceedingly  thin,  while  the  inner  and  side  walls  are 
strongly  thickened,  tlius  bringing  the  cell  cavity  near  the  outer 
surface.  Inclosed  in  each  ceil  and  filling  it  almost  completely, 
is  a  ailiciouB  body,  from  -006  to  •012°'"'  in  diameter,  witli  wart- 
like protuberances  on  the  surface  which  fit  into  corresponding 
depressions  in  the  cell  walls  (fig.  7).    That  they  are  composed 


Fju.  G.  Loagiludinal  sectioo  of  a  \aT((e  (mesocarp)  fiber  ot  tl 
stegmata;  Si.iiiliciousbody; /.baatfibers:  i,  Iracheida  with  smsU pits;  (',  trache- 
ida  with  large  pits;  sp,  spirul  trachea;  r,  reticulated  trachea;  sc,  scalanform 
Inchea ;  »,  sieve  tiitie :  c  and  c\  cncnbiCorm  cells,      x  30Q. 

of  silica  is  demonstrated  by  their  incombustibility,  their  insolu- 
bility in  hydrochloric  and  nitric  acids  and  their  complete  solu- 
bility in  hydrofluoric  acid.  Their  appearance  is  particularly 
striking  in  tangential  sections  which 
have  been  heated  on  a  cover  glass 
until  thoroughly  carbonixed  and 
finally  treated  with  hydrochloric  acid 
on  the  slide.     Tlie  heating  Bhonid  be 

ferformed  at  duU  redness,  since  at  a. 
igher   temperature  the  bodies  lose  ' 
their  characteristic  appearance. 

Wiesner*  refers  to  these  stegmata  aL     ^ _, ,    

from  his  description  it  wonltf  appear  that  he  considered  them 
•  Loo.  cit ,  pp.  436-438. 


s  "  bast  parenchyma,"  and 
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silicified  cells  and  did  not  understand  that  they  are  scUrerichy- 
"tnatized  cells  with  silicious  contents.  Von  Hoehnel,*  who 
uses,  however,  the  term  ''stegmata,"  also  appears  to  have 
fallen  into  the  same  error. 

Rosanofff  found  stegmata  in  twelve  species  of  palms,  and 
Kohl,:|:  who  has  made  an  exhaustive  study  of  the  subject,  in 
twenty-three  additional  species.  Neither  author  mentions 
Cocos  nucifera^  but  Kohl  found  in  C,  flexuosa  stegamata 
with  silicious  contents  which  answer  the  description  of  those 
in  coir  fiber. 

/8.  Bast-fibers  (figs.  5  and  6,  f)  completely  surround  the 
bundle.  They  vary  in  length  up  to  2"""  and  in  diameter  up  to 
•03"".  The  double  cell  walls  are  from  one-half  to  one-sixth 
the  breadth  of  the  lumina,  with  conspicuous  pores  and  diag- 
onal markings.  In  longitudinal  section  the  walls  adjoining  the 
stegmata  are  sinuous  in  outline,  due  to  the  depressions  into 
which  the  stegmata  are  fitted.  On  the  edge  of  the  xylem  the 
bast-fibers  pass  into  tracheids  (fig.  6,  f), 

7.  Xylem  (tig.  5,  a?/  fig.  6).  The  elements  are  tracheae, 
tracheids  and  various  forms  intermediate  between  tracheids 
and  bast -fibers,  and  tracheids  and  parenchyma. 

The  tracheae  range  in  diameter  up  to  '05""",  the  larger 
(found  in  large  fibers)  being  reticulated  (fig.  6,  ?•)  or  scalari- 
form-reticulated  (^e),  the  smaller  (found  both  in  large  and 
small  fibers)  being  spiral  or  reticulated  spiral.  Among  the 
spiral  tracheae  one  finds  considerable  variation  both  as  to  their 
size  and  the  steepness  of  their  spirals.  As  might  be  expected, 
those  in  the  protoxylem  often  have  delicate  spirals  witli  turns 
wide  apart.     An  intermediate  form  is  shown  in  fig.  6  {sp\ 

The  tracheids,  distinguished  from  the  tracheae  by  the  trans- 
verse or  diagonal  partitions  and  by  their  smaller  size  and  thin- 
ner walls,  likewise  display  an  interesting  diversity  of  size  and 
form.  Among  these  are  forms  with  large  pits  and  curious 
reticulations  (tig.  0,  t\  also  transitional  forms  between  tracheids 
and  bast-tibers  if)  on  the  one  hand,  and  tracheids  and  paren- 
chvma  on  the  other. 

8  Phloem.  Sieve  tubes  and  cambiform  cells  make  up  the 
phloem  (tig.  5,/>/i). 

Measured  in  cross  sections,  the  diameters  of  the  sieve  tobes 
vary  up  to  -03""'.  In  longitudinal  sections  it  may  be  seen  that 
the  sieve  plates  are  either  at  right  angles  to  the  walls  orobliqne 
and  that  oftentimes  they  are  covered  with  callus  throogli 
wliich  run  a  few  indistinct  pores  (tig.  6,  s). 

*  Loc.  cit,  p.  62. 

f  Bot.  Ztg..  1871.  p.  749. 

\  Kalksaizo  und  Kleseleaure  in  der  Ptianze,  Marburg,  1889,  p.  289. 
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Cambiform  cells  occur  singly,  in  rows  and  in  groups  among 
he  sieve  tubes  and  also  at  the  edges  of  the  phloem.  Those 
imong  the  sieve  tubes  are  for  the  most  part  small  (about  •003""' 
n  diameter),  prismatic  and  with  abundant  protoplasmic  con- 
;ents  (fig.  6,  &).  They  correspond  to  the  ^'' geleitzeUen^^  of 
SV^ilhelm,  Tschirch*  and  other  authors  except  that  the  walls 
idjoining  the  sieve  tubes,  so  far  as  the  writer  has  observed,  are 
lot  pitted. 

At  the  edges  of  the  phloem,  particularly  adjoining  the 
cylem,  the  cambiform  cells  are  larger  (often  -01"""  in  diameter) 
md  are  often  empty.  Tlie  differences  between  these  forms 
ire,  however,  so  slight  and  perplexing  that  the  writer,  follow- 
ng  the  example  of  De  Bary  and  Strassburger,  prefers  to 
;roup  them  all  under  the  head  of  Cambiform  cells. 

(e)  Intercellular  spaces,  such  as  occur  in  the  protoxylem  of 
nany  monocotyledinous  plants,  are  seldom,  if  ever,  seen  in  coir 
ibers,  but  oftentimes,  although  less  commonly  than  in  the  hard 
;hell,  the  phloem  and  part  of  the  xylem  are  destroyed  during 
growth,  leaving  a  channel  in  the  bundle. 

3.  Endocarp, 

This  coat,  known  commonly  as  the  shell  (fig.  8,  end\  is  a 
lense  aggregation  of  stone  cells,  among  which  run  longitudi- 
lally  partially  destroyed  bundles. 

(a)  The  stone  cells  with  their  thick,  deep  yellow  walls, 
)ranching  pores,  and  dark  brown  contents,  present  a  striking 
md  charactaristic  appearance.  They  are  either  isodiametric  or 
itrougly  elongated,  the  latter  (often  0*2™"'  long)  being  usually 
;pindle  or  wedge-shaped,  although  hammer-shaped,  hooked  and 
various  other  curious  forms  abound. 

A  study  of  sections  shows  that  the  elongated  cells  are 
irranged  in  groups,  commonly  with  the  longer  diameters  in 
angential-transverse  directions  and  are  best  seen  in  cross  sec- 
ions  of  the  shell  (fig.  8,  qst\  but  in  some  groups,  particularly 
hose  adjoining  the  bundles,  they  pass  longitudinally  about  the 
bell  (tig.  9,  1st).  It  is  evident  from  tig.  8  that  more  than  half 
)f  all  the  stone  cells  are  tangentially-transversely  elongated. 
Those  which  appear  isodiametric  {1st)  are  partly  cells  which 
ire  isodiametric  in  three  dimensions  and  partly  longitudinally 
jlongated  cells  in  section. 

Groups  of  thinner-walled  cells  with  dark  brown  contents  are 
Kscasionally  met  with. 

The  brown  contents  of  all  the  endocarp  cells  react  the  same 
IS  the  brown  impregnating  material  of  the  mesocarp. 

(b)  Vasc^dar  hundles  are  studied  with  difficulty  in  the 
nature  shell.     By  the  rupture  of  the  phloem  and  part  of  the 

*See  Tschirsch,  Angewandte  PflaDzenanatomio,  Wien,  1889,  p.  349. 
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xylem  during  growth,  passages  are  formed,  whicb,  in  shells 
transversely  cut  or  broken,  are  evident  to  the  naked  eye  as 

br-_     _ 


-hI,  eodocarp  or  bardsbdl; 
■sla;  w,  colorless  pMBDChjm*  ol 
mpregnated  wilb  r  brown  sub- 
,  _,  irbundleii.   Id   the  endocarp  with  phlootn  and  ijlem  parUiUf 

obliterated;  M,  longiludinally  eloDgated  apd  isodiametric  atone  cells;  q!t,tn» 
Tersely  eloogated  eIodc  cells,      x  60 


Fia.  8.  Transverse  sei 
Mea.  adbcriDi^  mesooirp 
meaocarp   gi        '   '' 
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Dte  boles.  The  struetare  of  the  bnndleB  is  still  further 
inred  bj  the  presence  of  fungus  threads  and  spores. 
Q  strnctDre  toe  bundles  differ  from  those  of  the  mesocarp 
r,  the  bast-fibera  being  replaced  by  forms  intermediate 
»een  fibers  and  tracheids  (tig.  9,/').  The  vascnlar  elements 
chieflj  spiral  tracliese  (fw.),  and  pitted  tracheee  (^),  the  lat- 
being  especially  noticeable. 


«.  9.     LoQfi;  lud  Dal  lad  al 
and  edge  of  bmdle      i 
;    let.  long  tud  Dally  elongated 
tted  irachea     "p   ep  ral  irachen 

4  lata 
everal  microscopisFs  have  stadied  the  testa  but  owing 
btlees  to  diffeienccs  in  the  material  hardly  two  of  them 
te  as  to  the  number  of  coats  or  the  character  of  the 
lents.  The  description  which  follows  is  based  on  the 
nination  of  nnmerous  specimens. 

)  Outer  testa.  This  coat  consists  of  a  ground  tissue  of 
e,  varioosly  shaped  cells,  crossing  one  another  in  all  direc- 
8,  (fig.  8,  7",  fig.  10),  between  which  i-amify  the  veins. 
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MoBt  of  the  ground  tiBsae  celts  have  colorless  double  walls, 
from  '004  to  ■010"'°  thick,  with  conspicuous  {sometimes  large) 
pores,  bat  in  the  inner  layers  they  often  have  thinner  walls 
without  evident  pores  and  except  for  their  shape  hear  no 
resemblance  to  the  other  cells. 

As  a  rule,  the  cells  are  empty,  bat  some  here  and  there  con- 
tain a  brown  substance  apparently  the  same  as  is  contained  in 
the  mesocarp  and  endocarp,  which  often  takes  the  form  of 
splieres  (fig,  10,  k),  disks,  or  films  with  circular  openings  (w). 

Colorless  stone  cells  (tig.  10,  at)  are  present  in  the  outer 
layers  and  contrast  strikingly  with  the  deep  yellow  stone  cells 
of  the  endocarp. 


Pig.  10.  TRDgenLiHl  section  oi  the  outer  tesla  of  the  cocoaaut  sboifing  the 
ground  tissue  ot  ihic-k. walled  porous  nils.  Uost  of  Ihese  are  empty,  but  ■  (" 
cODtaiu  brown  coDteuta  iu  the  form  of  globules,  (it)  or  fittns  with  circuttc  o(M- 
ings  (i).     at,  colorless  stone  cell :  sp,  spiral  trachea,     k 3O0. 

The  conspicuons  elements  of  the  veins  are  spiral  tracbeie. 
pitted  trachesK  and  elongated  cells  intermediate  between  pitted 
traeheffi  and  the  porous  cells  of  the  ground  tissue,  and  are  not 
distingnishable  from  the  same  elements  of  the  endocarp  bun- 
dles.    (See  fig.  9,  sp,  g  onAf.) 

In  breaking  away  the  meat,  the  separation  is  tbrongb  tl* 
middle  of  the  veins  and  the  inner  layers  of  the  cater  test*; 
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Dearly  all  the  gronnd  tissue  and  about  half  of  the  vascular  ele- 
ments remaining  on  the  inner  surface  of  the  shell. 

(b)  Inner  testa.  Firmly  attached  to  the  endosperm  are  from 
ten  to  twenty  layers  of  small  isodiametric  or  slightly  elongated 
cells.  The  double  walls  are  about  •003°'°'  thick  and  free  from 
pores.  These  cells  contain  a  material  varying  in  color  from 
light  yellow  to  dark  brown,  which  either  fills  them  completely 
or  occurs  in  globules,  films,  etc.,  as  in  some  of  the  cells  of  the 
outer  tests.  In  the  layer  adjoining  the  endosperm  the  cells 
are  smaller  and  have  darker  brown  contents  than  the  cells  in 
the  other  layers. 

5.  Endosperm, 

Although  the  microscopic  character  of  the  endosperm  has 
been  fully  explained  by  Harz,  Hanausek  and  Moeller,  a  brief 
description  is  here  given  to  accompany  the  descriptions  of  the 
other  parts  of  the  fruit. 

In  the  outer  layers  the  prismatic  cells  are  nearly  isodiametric 
(about  -OS™™  in  diameter),  but  further  inward  they  are  radially 
elongated,  often  reaching  a  length  of  '3'°"'.  Cell  partitions  are 
about  -OOS*"™  thick,  without  pores. 

The  cells  contain  bundles  of  needle-shaped  fat  crystals  and 
lumps  of  proteid  matter,  each  lump  containing,  as  a  rule,  a 
crystalloid.  Ether  and  alcohol  readily  dissolve  the  fat  crystals 
and  strong  potassium  hydrate  solution  saponifies  them.  The 
proteid  bodies  give  the  usual  color  reactions  with  iodine, 
Millon's  reagent  and  dyes.  ' 

III.    The  Detectiox  of  Powdered  Cocoanut  Shells  in 

Ground  Spices. 

The  adulteration  of  ground  spices  with  powdered  cocoanut 
shells  was  brought  to  notice  in  1885  by  W.  H.  Ellis,*  public 
analyst,  Toronto,  Canada,  and  has  since  been  frequently 
detected  by  A.  McGill  f  of  Ottawa  and  food  analysts  in  diflEer- 
ent  parts  of  the  United  States. 

The  extent  to  which  this  fraud  is  practiced  is  indicated  by 
the  following  summary  of  results  obtained  by  the  writer  during 
the  years  1896-7  in  the  examination  of  samples  collected  in 
the  State  of  Connecticut. 

Black 

pepper.        Cloves.      Allspice. 

Samples  examined 147  37  24 

Samples  adulterated  (total) . .     47  17  11 
Samples  adulterated  with 

ground  cocoanut  shells  ...     21  7  6 

*Dept  Inland  Revenue,  Rep.  on  Adult,  of  Food  for  1885,  Ottawa,  I88G, 
pp.  67,  79. 
tUboratory  of  the  Inland  Rev.  Dept.,  BuU.  No.  20,  1890,  pp.  7-11. 
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It  is  stated  on  credible  antbority  tliat  in  Philadelphia  at. the 
present  time  abont  six  linndred  tons  of  ahelU,  obtaiBed  as  a 
DY-product  in  the  preparation  of  deseicated  cocoannt — an  arti- 
cle mach  lued  in  pastriee  and  confectionery — are  annaally 
rednced  to  a  powder  in  mills  of  peculiar  constmction  and  sold 
to  spice  grinders.  This  powder,  withoat  fnrther  treatment,  is 
mixed  with  ground  allspice,  which  it  closely  resembles  is 
appearance.  By  cautious  roasting  the  color  of  groond  cloves 
and  nntmegs  is  matched,  and  by  roasting  at  a  higher  tempera- 
ture a  charcoal  is  obtained  which,  mixed  with  starchy  matt<>r, 
is  a  clever  imitation  of  black  pepper. 


Fig.  11.  Cocoanut  shell  powder,  st,  dark  yellow  Btoae  cells  with  brown  odd- 
teota;  I,  reticulated  trachea;  sp,  gpiral  tracbea;  j,  pitted  trachea;  u,  oolarlw 
and  br,  brown  pareDCbyina  of  mesocarp:  /,  bast-Sbera  with  ategniaU  {^)- 
X160. 

Powdered  cocoannt  shells  appears  to  be  a  distinctifel/ 
American  adulterant.  The  leading  treatises  on  the  microecopj 
of  foods  in  the  German,  French  and  English  langaagee,  even 
those  of  recent  publication,  make  no  mention  of  it,  and  a  nani' 
ber  of  prominent  European  food  chemists  and  microeeopiits 
have  declared  to  the  writer  that  they  had  never  heard  of  itsuK- 
On  the  other  hand,  cocoannt  cake  (the  residue  from  the  oil 
presses),  which  in  Europe  is  commonly  employed,  both  M » 
cattle  food  and  as  an  adulterant  of  human  foods,  is  almost  un- 
known in  America. 

All  the  tissue  elements  of  the  mesocarp,  the  ondocarp  m^ 
the  outer  teata  are  present  in  cocoannt  shell  powder,  but  the 
stone  cells  of  the  endocarp  make  up  the  hulk  of  the  materiil- 
(fig.  11,  8t).  These  cells  are  characterized  by  tbetr  ponfflt 
brown-yellow  celt   walls,  their  dark  brown  contents  which 


Winton — Anatomy  of  the  Fruit  of  Oocos  nucifera.     279 

become  a  reddish  brown  on  treatment  with  potassium  hydrate 
solution,  and  the  predominance  of  peculiar  elongated  forms. 
They  differ  in  one  or  more  of  these  characteristics  from  the 
stone  cells  of  pepper,  allspice,  clove  stems,  walnut  shells, 
almond  shells,  Brazil-nut  shells,  hazel-nut  shells,  peach  stones 
and  olive  stones. 

The  outer  testa  or  lining  of  the  shell  also  forms  a  consider- 
able part  of  the  powder,  the  most  striking  elements  being  the 
thick-walled,  porous  cells  {p)  and  the  vascular  elements. 

Colorless  cells  of  the  mesocarp  ground  tissue  {w)  are  not  dis- 
tinguishable from  the  parenchyma  of  many  other  plants,  but 
when  impregnated  with  the  brown  substance  which  has  been 
described  they  are  striking  objects  (by*).  Potassium  hydrate 
changes  the  color  of  these  brown  cells  to  a  reddish  brown,  but 
ferric  chloride  does  not  produce  any  immediate  effect,  thus 
distinguishing  them  from  the  brown  cells  of  allspice  seed,  the 
color  of  which  potassium  hydrate  removes  and  ferric  chloride 
changes  at  once  to  a  green. 

Spiral,  reticulated,  and  pitted  tracheae  {sp^  t  and  g\  from  the 
mesocarp,  endocarp  and  testa  bundles,  are  also  frequently  met 
with  in  the  powder,  the  pitted  trachea  being  quite  unlike  any 
vascular  elements  of  the  spices. 

The  stegmata  {ate)  of  the  mesocarp  fibers  with  their  silicious 
contents  are  characteristic,  but  they  are  diflScult  to  find  owing 
to  the  great  preponderance  of  other  tissues.  Bast-fibers  (j) 
are  more  liable  to  be  encountered  than  the  stegmata,  but  they 
furnish  less  conclusive  evidence. 

Spices  adulterated  with  charred  cocoanut  shells  show  under 
the  microscope  black,  opaque  fragments  which  are  not  bleached 
by  aqua  regia  or  nitric  acid  and  potassium  chlorate.  Except 
in  cases  where  some  of  the  stone  cells  or  other  elements  have 
escaped  charring,  this  material  cannot  be  distinguished  from 
other  forms  of  charcoal. 

Chemical  analysis  is  a  valuable  adjunct  to  the  microscopic 
examination  and  often  determines  approximately  the  extent  of 
the  adulteration,  but  since  other  nut  shells  have  a  similar  com- 
position, the  microscope  is  essential  for  the  identification  of 
the  particular  adulterant  present.  As  was  pointed  out  by  the 
writer*  five  years  ago,  the  crude  fiber  obtained  in  the  process 
of  analysis  is  particularly  suited  for  the  microscopic  detection 
of  stone  cells  and  other  tissues. 

The  radical  difference  in  composition  between  cocoanut 
shells  and  the  spices  to  which  they  are  added  is  shown  by  the 
following  results  by  Winton,  Ogden  and  Mitchell.f 

•CoDn.  Agr.  Expt.  Sta.,  Rep.  1896,  p.  34. 
flbid.,  Rep.  1898,  pp.  198-211. 
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Water 

Total  ash 

Ash  soluble  in  water 

Ash  insoluble  in  hydrochlpric  acid 

Volatile  ether- extract 

Non-volatile  ether  extract 

Alcohol  extract 

Reducing  matters  by  direct  inver- 
sion calc.  as  starch 

Starch  by  diastase  method 

Crude  fiber 

Total  nitrogen 

Oxygen  absorbed  by  aqueous  extract 

Quercitannic  acid  equivalent  toO. 
absorbed 


Black 

pepper. 

(Av.of  14 

analyses.) 

% 
11  96 
4-76 
254 
0-47 
114 
8-42 
9-62 

38-63 

34-15 

13-06 

2-26 


Cloves.  '  Allspice. 
(Av.  of  8;(Av.  of  3 
analyses.)  analyses.) 


% 

7-81 
5-92 
3-58 
0  06 

19-18 
6-49 

14-87 

8-99 
2-74 
8-10 
0-99 
2-33 

18-19 


% 
9-78 
4-47 
2-47 
003 
4-05 
5-84 
11-79 

1803 
3-04 

2239 
0-92 
1-24 

9-71 


Nutmeg. 
(Av.  of  3 


Co 

sh( 


analyses.)  am 

% 

3-63  I 

2-28  ( 

0-86  ,     ( 

0-00  I     ( 

3-02  !     < 

36-70  i 

10-77  I     - 


26-56 

23-72 

2-51 

1-OH 


2t 

C 
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Art.  XXX. — Studies  of  Eocene  Mammalia  in  the  Marsh 
Collection^  Peabody  Museum  :  by  J.  L.  Wortman.  With 
Plates  I-IV. 

[CoDllnuod  from  page  206.] 

Suborder  Creodonta   Cope. 

In  the  first  part  of  this  paper,  1  have  given  the  more  impor- 
tant characters  by  means  of  which  this  group  of  the  Carnivora 
is  distinguished  from  the  Carnassidentia.  It  ^low  seems  desir- 
able to  enter  somewhat  more  fully  into  a  discussion  of  these 
particulars,  and  I  shall  therefore  consider  some  of  the  charac- 
ters of  less  importance,  from  the  point  of  view  of  classification. 
The  first  of  these  which  it  is  necessary  to  emphasize  as  a  broadly 
distinguishing  feature  is  that  the  Carnassidents  have  been  suc- 
cessful, and  have  left  numerous  modified  descendants  which 
constitute  a  large  and  important  part  of  the  living  mammalian 
fauna  in  almost  all  regions  of  the  globe ;  whereas  the  Creo- 
donts  failed,  and  have  completely  died  out,  without  possibly 
the  aquatic  Pinnipedia  represent  them  in  the  living  Carnivore 
fauna. 

In  the  organization  of  the  skull,  there  are  a  number  of 
characters  that  are  more  or  less  distinctive,  among  which  may 
be  mentioned  the  large  lachrymal  spreading  out  upon  the  face, 
as  is  invariably  the  case  among  the  carnivorous  Marsupials 
and  a  number  of  the  Insectivora.     This  is  tioie  of  Mesonyx, 
Dro??ioeyo7i,  Harvagolestes^  Sinopa^  Proviverra^  Lim,nocyon^ 
Th^reuiherium,  (f )^  and  very  probably  also  of  Oxycena  and 
Patriofelis.     In  some  species,  notably  the  Mesonychidee,  the 
nasals  are  broad  posteriorly,  as  in  the  Marsupials,  and  almost 
exclude  the  frontals  from  contact  with  the  maxillaries.     The 
posterior  border  of  the  palate  is  terminated  by  a  thickened 
ridge,  recalling  to  a  certain  extent  the  structure  of  the  marsu- 
pial  palate.     In  the  posterior  part  of  the  palate,  moreover, 
there  are  very  generally  a  large  number  of  foramina  of  variable 
size,  but  usually  minute,  situated  behind  the  posterior  palatine 
canals,  wliich  undoubtedly  represent  the  remains  of  the  vacu- 
ities so  common   to  tlie  marsupial  skull.     In   certain  forms, 
especially  Sinopa^  and  in  some  species  of  Hycenodon^  as  Scott 
hds  shown,*  there  is  an  additional  foramen  in  the  base  of  the 
skull,  just  in  advance  of  the  condyloid,  which  is  also  a  con- 
spicuous feature  of  the  marsupial  skull.     The  zygomatic  arch, 
with  its  component  bones,  is  heavy,  and  the   malar  usually 
extends  well  back  toward  the  glenoid  cavity.     In  the  superior 
molars,  if  either  border  is  elongated  it  is  always  the  posterior, 

*  Jour.  Acad.  Nat.  Sd.,  1888,  p.  178. 
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and  if  any  of  tlie  molars  and  premolars  are  especially  enlarged, 
it  is  never  exclusively  th^  fourth  premolar  above  and  the  first 
molar  below.  The  scaphoid,  lunar,  and  centrale  are  very  gen- 
erally free ;  but  according  to  Cope,*  they  are  united  in  some 
French  species  of  Ilyaenodan  from  the  Miocene.  In  some 
forms,  such  as  certain  of  the  Arctocyonidne,t  there  ma}'  also  be 
union  of  the  scaphoid  and  centrale,  as  in  many  carnivorous 
Marsupials,  and  the  pollex  and  hallux  may  be  more  or  less 
opposable.  In  some  species,  the  ungual  phalanges  are  rela- 
tively broad,  flattened,  and  fissured  at  their  ends,  while  iu 
others  they  are  laterally  compressed,  curved,  and  pointed. 

If  we  now  contrast  these  characters  with  those  of  the  Car- 
nassidentia,  we  observe  that  in  them  the  lachrymal  is  never 
spread  out  on  the  side  of  the  face,  but  is  confined  within  the 
orbit. J  The  nasals  are  not  especially  broad  posteriorly ;  the 
posterior  edge  of  the  palate  is  not  thickened ;  the  numerous 
posterior  palatal  foramina  are  absent ;  there  is  never  a  double 
condyloid  foramen,  and  it  is  always  the  anterior  border  of  the 
superior  molars  that  is  elongate,  if  either.§  If  there  is  enlarge- 
ment and  specialization  of  any  of  the  teeth  it  is  always  the 
fourth  superior  premolar  above  and  the  first  true  molar  below. 
From  the  Upper  Eocene  stage  onw^ard,  the  scaphoid,  lunar,  and 
centrale  are  always  united,  and  there  is  never  union  of  scaph- 
oid and  centrale  alone.  The  bony  claws  are  always  curved, 
compressed,  and  pointed. 

Present  evidence  points  to  the  fact  that  the  two  groups 
probably  arose  side  by  side  from  the  Mesozoic  Marsupials,! 
although  we  do  not  know  any  true  Carnassidents  earlier  than 
the  Torrejon,  while  certain  of  the  Creodonts  come  from  the 
Puerco. 

Quite  recently,  Matthew^f  has  classified  the  Creodonta  as 
follows  : 

*  Tertiary  Vertebrata,  p,  25G. 

f  See  Matthew,  liuU.  Amer.  Mus.,  Nat.  Hist.,  Jan..  1901,  p.  14. 

X  Tlio  only  exception  to  this  siatemeiit  with  which  I  urn  acquainted  is  fouDd 
iu  the  viverriue  Eupleres  gondaii^  from  Madagascar,  which  otherwise  resembles 
the  Inaectivores. 

§  An  apparent  exception  to  this  is  found  in  Palceomctis,  in  which  the  posterior 
border  of  the  first  molar  is  slightly  longer  than  the  anterior. 

I  I  here  use  the  lerni  Marsupials  in  its  larger  sense,  or  as  equivalent  to  tbe 
Metatheria  of  Huxley.  It  would  appear  to  be  more  or  less  doubtful  whether  the 
existing  Marsupials  furnish  a  stage  of  embryonic  development  immediately  ante- 
cedent to  that  of  the  appearance  of  a  distinct  allantoic  placenta.  Just  how  far 
they  may  have  departed  from  tlieir  Mesozoic  ancestors  in  this  respect  we  shall 
never,  perhaps,  be  able  to  ascertain,  but  there  cannot  be  the  slightest  doubt  of 
the  fact  that  a  preplacental  stage  existed,  from  which  the  placental  had  its  origin- 
While  it  may  not  have  been  exactly  like  that  seen  in  the  living  Marsupials,  it 
must  have,  according  to  the  very  nature  of  the  case,  resembled  it  in  a  great  many 
important  particulars. 

T  Loc.  cit.,  p.  7. 
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"  I.  Creodonta  Primitiva.  No  specialized  carnassial ;  trituber- 
colar  upper  and  lower  molars ;  shear  radimentary  or  absent. 
Claws  unknown. 

OxyclcenidcB,     Includes  some  genera  with  Lemuroid  affinities 
in  the  dentition. 

II.  Creodonta  Adaptiva.  Carnassial,  when  present,  on  p.*^ 
and  m.j.  Claws,  where  known,  of  modern  type  and  carried 
probably  more  or  less  free  of  the  ground.  Scapholunar-centrale 
early  uniting  (podials  tending  towards  true  Carnivore  type). 

1 .  Post-carnassial  teeth  disappearing Paleon ictidoB. 

2.  Post-carnassial  teeth  becoming  tubercular Viverravidoe, 

3.  No  carnassials ;  molars  becoming  flat-crowned ; 

premolars  disappearing ArctocyonidoB, 

III.  Creodonta  In  adaptiva.  Carnassial,  when  present,  not  on 
p.^  and  m.j.  Claws,  where  known,  blunt,  hoof-like,  resting  on 
the  ground.  No  tendency  of  union  of  the  carpals  (podials 
tending  toward  Ungulate  type). 

1 .  Carnassials  m.^  shearing  teeth Oxyoenidce, 

2.  Carnassials  ra.|  shearing  teeth HycenodontidcB. 

3.  No  carnassials ;  teeth  with  high,  round,  blunted 

cusps;     upper    molars     tritubercular;     lower 

molai  8  premolariform J/eaonycAiVZcc." 

This  classification  is  of  course  based  upon  the  older  concep- 
tions of  the  limitations  of  the  group,  and  differs  materially 
from  that  herein  proposed.  For  example,  the  Palseonictidse 
and  Viverravidse  have  been  removed  to  the  Carnassideutia,  the 
reasons  for  which  have  been  fully  set  forth  on  a  preceding  page. 
This  leaves  only  the  single  family  Arctocyouidse  in  Matthew's 
group  "Creodonta  Adaptiva."  This  family,  as  has  already 
been  suggested,  stands  much  nearer  to  the  carnivorous  Marsu- 
pials in  tne  organization  of  the  feet  than  to  any  Carnassident. 
The  union  of  the  scaphoid  and  centrale,  the  marked  tendency 
to  opposability  of  both  pollex  and  hallux,  the  character  of  the 
fibulo-astragalar  articulation,  as  well  as  the  compressed,  curved, 
and  pointed  claws,  are  almost  exactly  paralleled  in  the  case  of 
the  living  Dasyures.  Moreover,  it  is  highly  probable  that  this 
family  w^ill  be  found  to  be  further  characterized  by  the  extra- 
orbital  extension  of  the  lachrymal  and  the  double  condylar 
foramen.  In  the  light  of  these  facts  neither  the  genus  nor  the 
family  can  be  regarded  as  having  any  very  close  affinities  with 
the  Carnassidentia. 

In  this  connection,  it  is  important  to  state  that  Cope,  in  his 
description*  of  the  fragmentary  skeletal  material  of  Chvnodoiv 
ferox  at  his  disposal,  compared  it  carefully  with  the  carnivor- 
ous Marsupials  i?i'<^ZpAy^,  SarcophiluH^  and  Thylacynus  j  he 
pointed  out  a  number  of  similarities  of  structure  to  these  forms 

*  Tertiary  Yertebrata,  1884,  p.  330. 
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and  concluded  that  "its  nearest  living  ally  is  the  Thylacynus 
cynocephalus  of  Tasmania."  In  opposition  to  this  view, 
Matthew  observes* — "  Ctenodon  has,  nowever,  no  marsupial 
characters  except  such  as  raa}^  be  considered  an  inheritance 
from  a  common  stock,  which  gave  rise  to  both  Marsupials  and 
Placentals.  Its  progressive  characters  are  placental  carnivore." 
Just  how  this  latter  author  explains  the  remarkable  resem- 
blances of  foot  structure  in  the  two  groups,  including  the 
marked  tendency  towards  opposability  oi  pollex  and  hallux,  or 
what  constitutes  the  so-called  progressive  characters  of  which 
he  speaks,  other  than  tliese  same  marsupial  characters,  I  am  at 
a  loss  to  imagine.  In  my  judgment  Cope's  position  rests  upon 
very  sound  anatomical  reasoning,  the  force  of  which  is  rendered 
all  tlie  more  patent  by  these  later  discoveries. 

As  regards  the  third  group,  I  am  compelled  to  add  that  I 
find  myself  unable  to  accept  the  definition  as  accurate,  or  the 
grouping  as  natural.  If  by  the  term  camassial  is  meant  the 
most  svecialized  cutting  teeth  of  the  series,  then  the  definition 
is  fairly  satisfactory,  but  the  character  would  have  been  much 
better  and  more  clearly  expressed,  had  it  been  stated  wliat 
teeth  are  sectorial.  The  character  of  the  ungual  phalanges, 
and  their  supposed  manner  of  articulation,  I  do  not  regard  as 
of  any  very  great  value  in  the  classification  of  the  major  divis- 
ions of  this  group,  for  the  reason  that  within  the  limits  of  one 
of  the  families,  at  least,  their  structure  ranges  from  the  com- 
pressed, curved,  and  sharp-pointed  variety,  to  the  flattened, 
depressed,  and  fissured  type. 

The  statement  that  the  podials  are  tending  toward  an  "  Un- 
gulate type"  is  such  an  extraordinary  one,  and  is  so  at  variance 
with  the  facts,  especially  as  regards  the  Oxysenidse  and  Hyseno- 
dontidse,  that  I  can  hardly  believe  that  the  author  intended  it 
to  apply  to   these   families.     It  is  true  that  the   feet  of  the 
Mesonychidse,  in  the  later  membei's,  assumed  a  more  or  les? 
"  Ungulate  type,"  because  of  a  highly  developed  running  habit, 
just  as,  among  the  living  Carnassidents,  the  limbs  of  the  mod- 
ern Canidje  have  taken  on  a  similar  structure  from  a  like  cause. 
But  to  suppose  that  there  is  even   the  faintest  suggestion  of 
anything  ''Ungulate"  in  the  foot  structure  of  such  forms  as 
Sinopa^  Limnoeyon^  Oxyoiua^  Patriqfelis.  or  Hyamodon^  other 
than  the  fissured  claws  in   the  last  three  genera,  is  certainlv 
quite  beyond  the  facts. 

The  association,  moreover,  of  the  Mesonychidce  with  the 
Oxysenidae  and  Hyaenodontidee  is  not  very  apt,  since  in  point 
of  structure  it  is  widely  separated  from  these  two  families,  and 
constitutes  one  of  the  most  distinct  and  separate  groups  of 

♦  Bull.  Amer.  Mus.  Nat.  Hist.,  1901,  p.  12. 
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the  suborder  thus  far  known.    I  define  the  five  families  as 
follows : 

OxycloBnidoB.  No  specialized  carnassials ;  tritabercular  upper 
and  lower  molars;  shear  rudimentary  or  absent  (Matthew). 

Genera :  OxyclcenuSy  Chriacus,  Protochriacus^  Deltatfierium, 
and  Tricentes,     All  from  Lower  and  Middle  Eocene. 

ArctocyonidoB,  No  carnassials ;  molars  flat-crowned ;  pre- 
molars becoming  progressively  reduced  in  size;  scaphoid  and 
centrale  early  united ;  hallux  and  pollez  more  or  less  opposable  ; 
claws  compressed,  curved,  and  pointed. 

Grenera  :  Arctocyony  Clmnodon^  and  Aiiacodon,  From  Lower 
and  Slid  die  Eocene. 

MesonychidcB.  No  carnassials ;  molars  with  characteristic, 
high,  bluntly  conical  cusps,  superior  tritubercular,  inferior  becom- 
ing preraolariform  ;  claws  depressed,  little  curved,  and  fissured  ; 
limbs  in  later  forms  becoming  much  modified  in  accordance  with 
running  habit. 

Genera;  Triisodon,  Goniacodon^  Sarcotltraustea^  Dissacus, 
Pachycena^  Mesonyx^  Dromocyon^  and  Harpagoleatea.  From 
Lower,  Middle,  and  Upper  Eocene. 

OxycenidoB,  Pm>  and  M.^^y  carnassial,  of  which  M^  are 
largest  and  most  specialized  ;  claws,  as  far  as  known,  depressed, 
little  curved,  and  fissured. 

Genera:  Oxycena,  Patriofelia,  Limnocyony  Oxymnodon^  and 
Therentheriiim.     From  Middle  and  Upper  Eocene. 

Hycenodontidoe,  Pm.^  and  M.^t^  carnassial,  of  which  M.|  are 
the  most  specialized,  especially  in  the  later  types;  claws  depressed, 
little  curved,  and  fissured ;  or  compressed,  curved,  and  pointed ; 
in  early  types  a  double  condyloid  foramen  as  in  Marsupials. 

Genera:  Sinopa^  Proviverra,  Hycpnodon,  Pterodon,  Quercy- 
therium^  CynohyoBnodon^  Patteosmopa^  and  Didelphodus,  From 
Middle  and  Upper  Eocene  and  Oligocene. 

Family  Mesonychidce  Cope. 

This  family  is  represented  at  the  very  beginning  of  tlie 
Tertiary  by  the  genus  Triisodon^  with  three  well-marked 
species  from  the  Puerco  of  New  Mexico.  In  the  succeeding 
rorrejon  beds  of  the  same  region,  three  generic  modifications 
ifiake  their  appearance ;  namely,  Sarcothrausies^  Goniacodon^ 
ind  Dissacus.  The  first  of  tliese  has  been  properly  regarded 
is  the  direct  descendant  of  Tviisodon^  while  the  last  repre- 
sents the  beginning  of  the  Mesmiyx  line  of  succession.  The 
Srst  three  of  these  genera — Triisodan^  Sarcothraustes^  and 
Goniacodon — have  been  considered  by  Cope  and  Scott  to  rep- 
resent a  distinct  family,  Triisodontidae,  but  I  have  shown*  that 
their  classification  is   probably  best  accomplished  by  placing 

*  Bull.  Amer.  Mus.  Nat  Hist,  June,  1899,  p.  146. 
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them  as  k  subfamily  of  the  Mesonychidae.  The  differences 
which  distinguish  them  from  the  Mesonychinae  are  not  great, 
and  consist  in  the  deep,  heavy  lower  jaws,  with  powerful  sym- 
physis, together  with  the  much  wider,  more  typically  trituber- 
cular  upper  molars,  as  well  as  the  more  subequal  size  and 
normal  arrangement  of  the  cusps  of  the  trigon  of  the  lower 
molars. 

While  the  Triisodont  division  became  extinct  at  the  close  of 
the  Torrejon,  in  Dissacus  we  have  the  beginning  of  the  Mesonyx 
line,  which  continued  through  the  whole  of  the  Eocene,  bein^ 
represented  in  the  several  stages  by  a  number  of  species  and 
genera,  and  towards  the  close  of  its  career,  as  we  shall  pres- 
ently see,  developed  a  limb  structure  almost  equaling,  it  not 
actually  surpassing,  that  of  the  njodern  dogs  in  point  of  special- 
ization for  a  running  habit.  The  connections  between  these 
two  extremes  are  close,  the  interval  being  completely  bridged 
by  the  AV^asatch  Pachycena,  In  Dimacus^  the  feet  are  rela- 
tively short  and  stout ;  they  are  pentadactyle  and  the  toes  were 
spreading,  a  condition  which  was  gradually  modified  into  the 
four-toed,  compressed,  elongated  feet  of  the  cursorial  Mesony^. 
I  define  the  known  genera  of  the  Mesonychinae  as  follows : 

I.  Digits,  5-5 ;  humerus   with  an   entepicondylar 

foramen. 

a.  Internal  cusps  of  inferior  molars  distinct  ; 

posterior  external    cusps    of    superior 

molars  smaller  than  anterior ;  M.J,  Pra.J DUsacus. 

b.  Internal  cusps  of  inferior  molars  vestigial; 

external  cusps  of  superior  molars  equal ; 

M.J,  Pm.f 1 Pachycena. 

c.  Internal  cusps  of  inferior  molars  vestigial ; 

external  cusps  of  superior  molars  equal ; 

M.|,  Pm.|(,) HarpagoleM. 

II.  Digits  4-4 ;  humerus  without  entepicondylar 

foramen. 

a,  M.| Dromocyon. 

b,  M.  I Mesout/x. 

Suhfam ily  Mesonich in m. 

Uarpagohstes  macrocephalus  gen.  et  sp.  no  v. 

The  remains  upon  which  this  genus  and  species  are  founded 
consist  of  the  greater  portion  of  a  skull,  together  with  a  com- 
plete humerus  of  the  right  side,  a  distal  end  of  a  femur,  and  a 
centrum  of  an  axis,  all  belonging  to  one  individual.  With  the 
exception  of  considerable  vertical  crushing,  the  anterior  portion 
of  the  skull  is  well  preserved,  including  most  of  the  teeth. 
The  posterior  part  of  both  mandibular  rami  are  present,  with 
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most  of  the  teeth  in  situ.  These  remains  indicate  an  animal 
somewhat  larger  than  Mesonyx  uintensis  of  the  Uppermost 
Eocene  stag|L  which  has  hitherto  been  considered  the  largest 
Carnivore  oi  tlie  Eocene.  The  skull  exceeds  that  of  a  full- 
grown  Grizzly  Bear,  but  the  body  was  not  as  large  in  propor- 
tion. 

The  principal  generic  characters  have  already  been  stated  in 
the  foregoing  analytical  table.  Those  which  distin^ish  it 
most  sharply  from  tne  contemporary  Dromocyon  and  Mesonyx 
are  seen  in  the  reduced  number  of  superior  premolars  and  the 
presence  of  an  entepicondylar  foramen  in  the  humerus.  Addi- 
tional characters  of  importance  are :  The  absence  of  a  super- 
trochlear  foramen  of  the  humerus,  the  lack  of  complete  molari- 
form  structure  of  the  fourth  superior  premolar,  together  with 
the  absence  of  the  third  superior  molar.     I  have  provisionally 

f)laced  this  form  in  the  section  having  five  toes  on  each  foot, 
argely  on  account  of  the  unspecialized  condition  of  the 
humerus,  which  resembles  that  of  Pachy(Bna  more  closely  than 
Mesonyx  or  Dromocyon,  The  foot  structure  is  unknown,  but 
we  can  readily  -believe  that  the  toes  were  not  so  much  reduced 
as  in  the  more  specialized  genera. 

The  SkvU,    (tlate  1.) — The  muzzle  appears  to  be  propor- 
tionally longer  and  wider  than  that  of  either  Dromocyon  or 
Mesonyx,    The  nasals  spread  out  posteriorly,  as  in  these  genera, 
leaving  only  a  narrow  contact  between  frontal  and  maxillary. 
This  condition  is  associated  with  the  large  extra-orbital  extent 
of  the  lachrymal,  which  is  spread  out  upon  the  side  of  the  face, 
as  in  all  the  Mesonychids.     The  orbit  is  relatively  more  pos- 
terior than  \Vi  Dromocyon  or  Mescmyx^  and  the  lachrymal  canal 
is  single,  rather  small,  and  placed  within  the  rim  of  the  orbit. 
The  premaxillae  are  of  moderate  size,  articulating  freely  with 
the   nasals  above,  but   not   extending  backward  to  join   the 
frontals;  they  terminate  posteriorly  just  above  the  infraorbital 
foramen,  which  is  relatively  large  and  issues  above  the  middle 
of  the  third  premolar.     The  brain-case  and  posterior  frontal 
region  are  not  well  preserved,  but  there  is  evidence  of  a  dis- 
tinct postorbital  process  and  a  high  sagittal  crest.     The  palate 
is  long  and  rather  narrow ;  the  opening  for  the  posterior  nares 
is  placed  well  behind  the  postenor  termination  of  the  tooth 
line,  at  the  thickened   terminal  border  of   the   hard   palate. 
Behind  this  the  narial  groove  is  narrow  and  not  very  deep, 
the  opposite  pterygoid  plates  approaching  each  other  below  in 
such  a  manner  as  to  leave  a  ratlier  narrow  opening.     This  is 
similar  to  the  arrangement  seen  in  the  skull  of  many  species  of 
Hyoenodon  and  is  particularly  noticeable  mMemnyx  uintensis^ 
as  figured  by  Osborn.*     The  incisive  foramina,  or  anterior 

*BuU.  Amer.  Mus.  Nat.  Hist.,  1894,  p.  80. 
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palatine  fossa,  is  relatively  small  and  situated  somewhat  in 
advance  of  the  canine ;  posteriorly,  opposite  the  interval  be- 
tween the  fourth  premolar  and  lirst  molar,  are  see^  the  palatal 
openings  of  the  rather  large  posterior  palatine  canals,  and 
behind  these  occur  numerous  smaller  openings  of  variable  size, 
which,  as  in  so  many  other  cases  among  the  Creodonts, 
undoubtedly  represent  the  vacuities  of  the  marsupial  palate. 

The  zygomata  are  strong  and  massive,  with  considerable  out- 
ward arching.  The  malar  extends  well  forward  upon  the  face, 
furnishing  the  entire  inferior  boundary  of  the  orbit,  and  upon 
the  under  side  of  the  arch,  at  the  point  of  junction  with  the 
maxillary,  develops  a  prominent  process  which  doubtless  served 
for  the  attachment  of  one  of  the  principal  tendinous  origins  of 
the  masseter  muscle.  It  passes  backward  in  the  usual  way  into 
the  zygomatic  process  of  the  squamosal,  terminating  at  a  con- 
siderable distance  in  advance  of  the  glenoid  cavity.  This  cavity 
is  large  and  roomy,  and  is  terminated  in  front  and  behind  by 
strong  anterior  and  posterior  glenoid  processes.  There  is  a 
small,  rugged,  slightly  inflated,  otic  bulla,  developed  apparently 
from  the  tympanic,  as  in  Drovwcyon  vorax,^  The  foramen 
ovale  is  situated  much  as  in  this  species,  and  there  is  satisfac- 
tory evidence  of  the  existence  of  both  an  alisphenoid  canal  and 
a  large  po&tparietal  foramen.  The  posterior  region  of  the 
skull  is  otherwise  too  much  broken  to  admit  of  a  more  extended 
description,  further  than  to  add  that  the  occiput  was  apparently 
of  the  same  narrow,  elevated,  overhanging  type  as  that  of 
Drowocyon  vorax. 

The  lower  jaw  is  deep  posteriorly,  the  coronoid  is  compara- 
tively little  elevated,  and  exhibits  that  characteristic  backward 
shape  common  to  all  the  members  of  the  family.  The  masse- 
teric fossa  is  broad  and  shallow  and  the  angle  is  strongly 
inflected  as  in  the  Marsupials.  The  condyle  is  broad  and 
heavy,  and  of  a  half-cylindrical  pattern.  The  symphyseal 
region  is  not  preserved. 

Dentition, — The  dental  formula,  as  far  as  at  present  known, 
is  a«  follows  :  I.f,  C.j,  Pm.:2^?^,  M.|.  Of  the  superior  series, 
the  crowns  of  the  incisors  are  not  preserved,  but  judging  from 
their  alveoli,  they  were  of  the  pattern  and  relations  common 
to  a  large  number  of  the  Creodonts.  They  were  arranged  in  a 
semicircle  in  the  premaxillos,  the  outer  pair  being  considerably 
larger  than  the  other  two,  and  separated  from  the  canine  by  i 
short  diastema.  The  canine  is  large  and  powerful ;  it  is  sub- 
round  on  cross-section  at  the  base  of  the  crown,  and  is  deeply 
implanted  in  the  maxillae ;  there  were  apparently  no  anterior 
or  posterior  cutting  ridges  developed.  The  first  premolar  is 
small,  with  a  slightly  hook-shaped  crown,  and  is  implanted  by 
a  single  root  close  to  the  base  of  the  canine,  like  the  corre- 
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spondiiig  tooth  in  the  ekuU  of  certain  species  of  Vrsua.  The 
second  premolar  has  completely  disappeared,  a  long  diastema 
intervening  between  the  hrst  and  third.  The  third  premolar 
is  implanted  by  two  powerful  roots ;  its  crown  is  composed  of 
a  single,  large,  antero-niedian  conical  cnsp,  with  a  marsed  pos- 
terior swelling,  which  in  the  unworn  condition  may  have 
borne  a  more  or  less  distinct  basal  talon,  or  heel.  The  crown 
of  the  fourth  premolar,  like  those  of  the  succeeding  molars,  is 
much  worn  and  does  not  display  very  clearly  the  arrangement 
of  the  cusps ;  it  is  supported  by  three  roots,  and,  in  the  unworn 
condition,  there  were  apparently  two  external  and  one  internal 
cusps.  Of  the  two  external  the  anterior  was  evidently  much 
the  larger,  so  that  the  crown  caimot  be  said  to  have  been  fully 
molariform.  The  cusps  of  the  molars  cannot  l>e  determined 
satisfactorily,  but  it  may  be  assumed  tliat  the  tirst  molar  had 
the  typical  three  subequal  cusps,  and  that  the  crown  of  the 
second  was  more  or  less  degen- 
erate. The  crowns  of  the  lower  ** 
molars  are  also  in  a  much  worn 
condition  ;  the  third  is,  howe\'er, 
snSicieutly  unworn  to  show  the 
simple  pre  molariform  arrange- 
ment of  the  cusps,  a  condition 
which  without  mneli  doubt  ob- 
tained in  the  teeth  in  advance. 
The  incisors  and  anterior  pre- 
molars of  this  scries  are  wanting 
in  the  specimen. 

The  humerus,  figure  44,  is  small 
iu  comparison  with  the  size  of  the 
skull.  This  proportional  dispar- 
ity between  the  size  of  the  head 
and  body  is  true  of  qnite  a  num- 
ber of  the  Creodonts,  but  not  of 
all  of  them,  as  will  be  shown  later. 
The  caput  has  a  pyriform  out- 
line, well  rounded  m  both  direc- 
tions, and  overhangs  the  shaft  fiodur  4^.- Bight  humerus  or 
posteriorly,  ibe  greater  tuberos-  narpagokttet  macrocephatux  Won- 
ity  is  large  and  rises  considerably  "'"';  f^*""*  >'iew;  ooe-fourtli  oat. 
above  the  level  of  the  head.  The  ""'  "*"■  "'^P'' 
tendinal  impressions  for  the  attachment  of  the  spinati  and 
teres  minor  are  large,  roughened,  and  very  distinct,  indicating 
nunsual  strength  for  these  muscles.  The  bicipital  groove  is 
wide  and  is  placed  well  upon  the  inner  side  of  tlie  bone.  The 
lesser  tuberosity  is  prominent,  and  there  is  a  large  rugose  area 
for  the  insertion  of  the  subscapular  tendon.     There  is  a  power- 
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ful  deltoid  crest,  which  extends  well  down  the  shaft.  As  in 
all  the  later  Mesonychids,  the  distal  extremity  has  the  appear- 
ance of  being  compressed  from  side  to  side,  resulting  from  the 
decrease  in  size  of  the  supinator  ridge  and  internal  condyle,  in 
marked  contrast  with  the  broad  extremity  of  this  bone  m  the 
earlier  forms.  The  internal  condyle,  while  reduced,  exhibits 
an  entepicondylar  foramen  for  the  passage  of  the  principal 
vessels  and  nerves  to  the  forearm,  although  the  bony  bridge 
covering  it  is  small.  The  condyle  is  considerably  enlarged 
posteriorly  and  is  separated  from  the  inner  edge  of  the  trochlea 
below,  by  a  deep  notch.  The  anconeal  and  anticubital  fossa? 
are  deep,  but  there  is  no  supertrochlear  foramen.  Of  the 
articular  surface  the  capiUUum,  is  distinct,  wedge-shaped,  and 
separated  from  the  trochlear  groove  by  a  tolerably  distinct 
ridge.  The  trochlear  groove  is  wide  and  moderately  deep  ; 
the  inner  edge  is  unusually  prominent  and  extends  consider- 
ably below  the  general  level  of  the  articulation. 

With  the  exception  of  a  distal  end  of  a  femur,  which  does 
not  offer  any  characters  of  especial  interest,  no  other  limb 
bones  are  certainly  known. 

The  principal  measurements  are  as  follows  : 

mm. 

Length  of  superior  dental  series  from  incisive  border 197*5 

Width  between  outer  border  of  incisors 54* 

Antero-posterior  diameter  of  canine  at  base  of  crown 31' 

Transverse  diameter  of  canine  at  base  of  crown 23* 

Length  of  canine  including  root 135*5 

Length  of  molar  and  premolar  series  from  posterior  border 

of  canine 1385 

Length  of  diastema  between  first  and  third  premolars 29* 

Length  of  true  molars  (antero-posterior) 44*5 

Transverse  diameter  of  first  molar  (posterior  border) 26* 

Transverse  diameter  of  second  molar 21*5 

Length  of  palate  from  incisive  border  to  posterior  narial 

opening 222*5 

Width  of  palate  between  the  canines 39'5 

Width  of  palate  between  last  molars 65* 

Length  of  humerus 275* 

Transverse  diameter  of  head 54* 

Width  (transverse)  of  distal  end 67*5 

Length  of  lower  molar  series 83* 

Depth  of  lower  jaw  at  last  molar 85*5 

The  specimen  is  from  the  lower  part  of  the  Bridger  Beds, 
near  the  mouth  of  Smith's  Fork,  and  was  found  by  R.  E. 
Son. 
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Dromocyoa  vorax  Marsh. 
Dromocyon  vorajc  Marsh.    This  Journal^  vol.  xii,  July,  1876,  p.  403. 

The  second  ffeiiiis  of  this  subfamily  to  be  considered  is 
DrornocyoTiy  and  fortunately  the  remains  upon  which  it  was 
founded  consist  of  a  nearly  complete  skeleton  of  a  single  indi- 
vidual, in  magnificent  preservation.  In  his  original  description 
of  this  genus  and  species,  Professor  Marsh  states :  ''  A  new  and 
remarkable  carnivorous  mammal  about  the  size  of  a  large  wolf 
is  represented  in  the  Yale  Museum  by  a  nearly  complete  skel- 
eton. In  the  form  of  the  skull,  and  general  character  of  the 
jaws  and  teeth,  the  genus  resembles  Etyamodon.  In  the  pres- 
ent specimen  there  were  apparently  but  two  lower  incisors  in 
each  ramus.  There  are  seven  lower  molar  teeth,  and  the  last 
lower  molar  is  small.  The  top  of  the  skull  supported  an  enor- 
mous sagittal  crest.  The  brain  was  small  and  convoluted. 
The  lower  jaws  are  long  and  slender,  and  the  condyles  low. 
The  femur  nas  a  small  third  trochanter,  and  the  astralagus  a 
facet  for  the  cuboid.  There  were  four  toes  in  front,  and  four 
behind." 

This  description,  as  will  be  seen  from  the  analytical  table 
given  above,  does  not  distinguish  the  genus  suflSciently  from 
Me80i\yx  or  other  members  of  the  subfamily.  Cope  recognized 
two  species  of  Mesanyx  from  the  Bridger  liorizon,  31,  ohtusi- 
dens  and  M.  lanius.*  The  latter  of  these  was  originally 
described  as  a  separate  and  distinct  genus,  Synaplothertum, 
which,  however,  was  afterward  abandoned  as  indistinguishable 
from  Jifesonyx.  The  type  specimen  of  J/,  lanitis  consists  of  a 
portion  of  the  skull,  together  with  one  fore  foot  more  or  less 
complete,  and  numerous  fragmentary  parts  of  the  skeleton  of  a 
single  individual,  from  the  lower  levels  of  the  Washakie  JBasin. 

Of  this  specimen,  which  is  the  only  one  thus  far  known, 
Cope,t  in  speaking  of  the  incisor  region  of  the  lower  jaw,  says : 
"The  most  remarkable  feature  of  the  genus  is  seen  in  the 
inferior  canines.  These  are  very  large  teeth,  and  are  directed 
immediately  forwards,  as  in  the  cutting  teeth  of  rodents.  They 
work  with  their  extremities  against  the  retrorse  crowns  of  the 
two  external  incisors  above,  and  laterally  against  the  superior 
canine.  They  are  separated  by  a  space  about  equal  to  the 
diameter  of  one  of  them.  In  this  space  I  find  no  alveoli  nor 
roots  of  teeth ;  the  outer  alveolar  wall  extends  far  beyond  the 
inner.  The  latter  terminates  opposite  the  middle  of  the  supe- 
rior canine.     It  may  be  that  there  are  no  inferior  incisors."' 

AVhile  the  structure  of  the  fore  foot  as  well  as  other  com- 
parable parts  of  the  skeleton  of  Dromocyon  vo/xix  agree  very 
closely  in  size  and  other  respects  with  the  description  and 

*  Tertiary  Vertebrata,  1884,  pp.  348,  362.  f  Loc.  cit..  p.  359 


292        Workman — Studies  of  Eocene  Mammalia  in  the 

figures  of  M,  lanixis^  as  ^iven  by  Cope,  there  is  no  such 
arrangement  of  inferior  canine  and  incisors  as  above  described. 
It  may  possibly  be  that  the  condition  of  Cope's  type  of  M.  lanius 
is  abnormal  in  this  respect,  and  that  Dvomoeyon  vorax  is  the 
same  as  M.  lanius ;  but  until  this  is  confirmed  or  disproved 
by  additional  specimens,  I  feel  bound  to  regard  the  two  forms 
as  distinct.  A  further  reason  for  such  a  course  lies  in  the  fact 
that  the  two  specimens  are  from  widely  separated  localities  in 
different  basins,  M,  lanius  coming  from  the  Washakie,  and 
Dromocyon  from  the  Bridger. 

The  kSktilL  (Plates  II-IV.) — Like  all  members  of  the  Meso- 
nychidae  thus  far  known,  the  skull  is  large  in  proportion  to 
the  size  of  the  body ;  it^  length  is  equivalent  to  that  of  15^ 
vertebrae  counting  from  the  first  dorsal  backward,  or  it  is  about 
one  and  one-half  times  the  length  of  the  femur.  When  com- 
pared with  a  large  specimen  of  Canis  famUiaris  (Bloodhound), 
the  size  of  the  two  skeletons  being  about  equal,  the  length  of 
the  skull  is  seen  to  be  quite  one-half  greater.  In  this  specimen 
of  the  dog,  the  lengtli  of  the  skull  is  equal  to  that  of  only  10 
vertebrie  counting  from  the  first  dorsal  backward,  or  is  just 
about  equal  to  that  of  the  femur. 

The  muzzle  is  of  moderate  length  and  height,  slightly  con- 
stricted behind  the  canines,  and  obliquely  truncated  in  front. 
The  anterior  narial  opening  looks  forward  and  a  little  upward. 
The  premaxillae  exhibit  the  form  and  relations  usual  among 
the  Carnivora ;  they  articulate  freely  with  the  nasals  above, 
but  do  not  send  up  a  process  to  join  the  frontals  behind,  as  in 
many  Carnivores.  The  nasals  are  broad  posteriorly,  and  in 
connection  with  the  lachrymals  almost  exclude  contact  between 
frontals  and  maxillae,  as  in  certain  carnivorous  Marsupials, 
notably  Sarcophilus  and  Didelphys,  As  in  these  latter  forms, 
owing  to  the  large  size  of  the  lachrymals,  the  maxillae  are 
excluded  from  any  share  in  the  boundary  of  the  orbit,  whereas 
in  all  the  Carnassidents,  with  the  exception  of  Eupleres^  the 
posterior  edge  of  the  maxillary  reaches  the  anterior  rim  of  the 
orbit.  The  infraorbital  foramen  is  large,  and  has  its  usual 
position  above  the  posterior  border  of  the  third  premolar.  The 
orbit  is  relatively  small,  as  in  Sarcophilus  and  the  opossum,  in 
marked  contrast  with  its  large  size  in  the  great  majority  of  the 
Carnassidents :  its  anterior  border  lies  above,  and  coincides 
with,  the  anterior  edge  of  the  second  molar.  As  already  men- 
tioned, the  lachrymal  is  large  and  spreads  out  upon  the  face  to 
a  considerable  extent;  it  carries  a  very  prominent  lachrymal 
tubercle,  as  in  many  of  the  Marsupials,  but  the  lachrymal  canal 
is  simple  and  opens  within  the  rim  of  the  orbit,  as  in  the  Car- 
nassidents. There  are  well-developed  postorbital  processes  of 
the  frontals,  and  corresponding  though  less  distinct  processes 
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on  the  malars,  marking  the  posterior  boundaries  of  the  orbital 
cavities  below.  The  zygomatic  arches  are  rather  broad  and 
heavy;  they  are  widest  a  short  distance  in  advance  of  the 
glenoid  cavity  and  apparently  lack  the  graceful  outward  curving 
so  common  to  the  carnassident  skull,  although  it  is  difficult  to 
say  just  how  much  of  this  appearance  is  due  to  post-mortem 
pi-essure.  In  their  present  form  they  resemble  those  of  the 
opossum.  The  malar  has  a  considerable  extension  upon  the 
side  of  the  face,  and  displays  a  prominent  median  ridge,  which 
is  continued  forward  to  tiie  infraorbital  foramen.  On  the  under 
surface  of  the  arch,  at  the  point  of  junction  of  the  malar  with  the 
maxillary,  there  is  a  prominent  process  for  the  tendinous  origin 
of  the  most  anterior  fibers  of  the  masseter.  This  process  is 
apparently  wanting  in  the  carnassident  skull,  but  is  large  and 
prominent  in  that  of  the  Opossum,  Dasyure,  and  to  a  less 
extent  in  Sarcophilus, 

The  postorbital  constriction  is  marked,  and  as  in  the  Marsu- 
pials, the  brain  cavity  is  relativel}^  very  small.  Just  posterior 
to  this  constriction  the  diverging  branches  of  the  postorbitals 
unite  to  form  an  enormous  sagittal  crest,  which  passes  back  to 
the  high,  narrow,  overhanging  occiput.  At  the  base  of  the 
crest,  opposite  the  external  auditory  meatus,  is  seen  the  super- 
ficial opening  of  the  unusually  large  postparietal  canal, — a 
venous  foramen  which  served  as  a  conduit  for  the  venous 
blood  passing  to  the  lateral  sinus. 

The  posterior  view  of  the  cranium,  Plate  III,  shows  the 
occiput  to  be  very  high  and  narrow,  and  at  the  same  time, 
extending  considerably  beyond  and  overhanging  the  condyles ; 
it  exhibits  a  very  rugose  surface  for  the  attachment  of  the 
nuchal  muscles,  and  near  the  middle  portion  there  is  a  localized 
roughened  area  for  the  origin  of  the  nuchal  ligament.  The 
lambdoidal  crest  is  broad  and  laminate  above,  less  distinct  and 
more  spreading  below,  and  passes  around  upon  the  squamosal 
in  the  usual-  manner,  to  become  continuous  with  the  posterior 
root  of  the  zygoma.  The  condyles  are  large,  protuberant, 
and  divergent,  and  the  foramen  magnum  looks  backward  and 
downward.  The  mastoid  has  quite  an  extensive  exposure  upon 
the  postero-lateral  part  of  the  occipital  surface,  but  no  greater 
than  that  of  the  opossum  or  d(»g  ;  it  becomes  prominent  later- 
ally and  forms  a  moderately  large  mastoid  protuberance,  similar 
to  tliat  of  the  bears  and  the  arctoid  Carnassidents  in  general. 
Upon  the  posterior  surface  of  this  process  is  seen  the  external 
opening  of  the  large  stylomastoid  foramen,  and  in  front  of  and 
a  little  below  this  is  a  rather  deep  recess,  which  probably  marks 
the  point  of  attachment  of  the  hyoid  arch,  although  there  is  no 
plug-like  tympanohyal  present.  This  posterior  position  of  the 
Btylomastoid  foramen  appears  to  be  peculiar  to  certain  of  the 
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Creodonts;  it  has  a  similar  position  in  Oxyama9Xidi  Patriofelis^ 
and  probably  also  in  Hyoeiiodori^  but  of  this  latter  genus  I  can- 
not speak  with  certainty.  In  the  marsupial  skull  its  opening 
is  upon  the  under  and  more  or  less  anterior  surface  of  the  bone, 
as  it  is  in  Carnassidents.  The  paroccipital  process  is  rather 
small  and  has  more  of  a  backward  and  outward  than  downward 
direction.  Between  the  mastoid  and  exoccipital  there  is  a  deep 
fissure,  which  at  its  upper  extremity  is  pierced  by  a  foramen, 
as  in  the  dog. 

Upon  the  under  surface  of  the  skull,  Plate  IV,  the  basiocci- 
pital  is  rather  narrow  and  the  point  at  which  it  articulates  with 
the  basisphenoid  is  much  roughened  for  the  attachment  of  the 
recti  capiti  muscles.  Immediately  in  advance  of  the  condyles 
is  seen  the  single  pair  of  large  condyloid  foramina.  The  tym- 
panic bullae  are  oi  moderate  size,  rugose,  and  apparently  devel- 
oped exclusively  from  the  tympanic,  without  inflation  of  any 
part  of  the  alisphenoid,  as  in  the  Marsupials.  The  external 
auditory  meatus  is  rather  long  and  tubular  and  opens  between 
the  mastoid  and  postglenoid.  At  the  postero-internal  angle  of 
the  bulla  is  placed  the  irregular  opening  of  the  foramen 
lacerum  posterius,  which  is  probably  also  the  point  of  entrance 
of  the  internal  carotid  artery,  although  I  am  unable  to  discover 
any  very  distinct  canal  which  answers  to  this  foramen  in  the 
carnassident  skull.  At  the  anterior  extremity  of  the  bulla  are 
the  openings  of  the  foramen  lacerum  medius  and  the  eustachian 
tube,  and  immediately  in  advance  of  these,  on  the  prominent 
ridge  leading  forward  from  the  internal  edge  of  the  glenoid 
cavity,  are  situated  the  foramen  ovale  and  the  posterior  open- 
ing of  the  alisphenoid  canal. 

One  of  the  most  conspicuous  features  of  the  base  of  the  skull 
is  the  very  large  size  and  low  position  of  the  glenoid  fossae; 
they  are  supported  upon  unusually  thick,  heavy  processes  of 
the  squamosals,  which  project  much  below  the  level  of  the  base 
of  the  skull.  The  cavity  is  relatively  deep,  and  is  spout-like 
and  transverse,  the  depth  being  considerably  augmented  by  the 
unusually  prominent  anterior  and  posterior  glenoid  processes. 
The  pterygoids  are  broad,  thin,  wing-like,  and  project  consid- 
erably below  the  base  of  the  skull  and  the  level  of  the  palate. 
The  postnarial  groove  is  continued  well  forward ;  it  is  deep, 
rather  narrow,  but  there  is  apparently  no  tendency  for  its 
palatine  boundaries  to  arch  it  over  below,  as  in  IlycBnodon. 
The  optic  foramina  are  distinct  from  each  other  and  occupy 
their  usual  position  in  the  carnivorous  skull,  just  in  advance  of 
the  sphenoidal  fissure.  In  front  of  and  a  little  above  the  optic, 
near  the  junction  of  the  frontal  with  the  orbitosphenoid,  is  a 
small  but  distinct  opening  which  corresponds  to  the  anterior 
ethmoidal  foramen  of  human  anatomy,  for  the  passage  of  the 
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nasal  nerve.  The  anterior  sphenoidal  fissure  and  foramen 
rotundum  are  apparently  distinct,  altliough  a  slight  crushing 
of  this  region  of  the  skull  renders  this  somewhat  uncertain; 
tliey  seem  to  open  externally  in  a  circular  depression  common 
to  these  two  and  the  anterior  opening  of  the  alisphenoid  canal. 

The  palate  is  rather  long  and  narrow.  The  anterior  palatine 
fossae  have  a  position  well  forward  and  are  more  or  less  slit- 
like. The  posterior  palatine  canals  are  of  moderate  size  and 
are  placed  opposite  the  iourth  premolar,  which  nearly  coincides 
with  the  anterior  limit  of  the  palatine  bones.  Posterior  to 
these  are  some  eight  or  ten  minute  openings  which  in  all  prob- 
ability are  vestiges  of  the  vacuities  of  the  marsupial  palate. 
The  posterior  edge  of  the  palate  is  considerably  thickened,  and 
between  the  posterior  extremity  of  the  maxillary  and  the 
palatine  is  a  deep  grove,  the  function  of  which  is  not  very 
clear. 

The  lower  jaw  of  the  individual  under  consideration  is  of 
unusual  pathological  interest,  as  showing,  among  these  ancient 
animals,  the  result  of  healing  of  a  fracture.  During  life  the 
horizontal  ramus  of  tlie  left  side  had  been  broken  near  the 
middle  portion,  opposite  the  second  molar,  and  had  completely 
healed  without  any  apparent  shortening.  The  posterior  por- 
tion had,  nevertheless,  been  displaced  upward,  and  a  large 
exostosis  formed  upon  the  outside,  involving  at  the  same  time 
the  inferior  border  of  the  horizontal  ramus. 

The  right  ramus  is,  however,  normal  and  may  be  described 
as  long  and  moderately  slender.  The  symphysis  is  strong  and 
extends  to  beneath  the  anterior  border  of  the  third  premolar. 
Anteriorly,  upon  the  side  of  the  horizontal  portion,  are  two 
mental  foramina,  the  larger  of  which  is  situated  beneath  the 
first  premolar  and  the  smaller  beneath  the  anterior  portion  of 
the  third  premolar.  The  coronoid  is  of  moderate  height  and 
displays  the  characteristic  backward  slope,  peculiar,  as  far  as  I 
am  aware,  to  all  members  of  the  subfamily ;  it  lacks  the  usual 
high  falcate  pattern  so  common  to  the  Carnivora.  The  masse- 
teric fossa  is  broad  and  shallow  and  does  not  exhibit  the  strong 
ridges  for  muscular  attachment  of  the  more  typical  biters. 
The  condyles  are  heavy,  of  half-cylindrical  pattern,  and  sup- 
ported upon  rather  long,  stout  necks.  The  angle  is  prominent 
and  considerably  inflected,  as  in  the  Marsupials.  Indeed,  the 
posterior  region  of  the  mandible  exhibits  so  many  striking 
peculiarities  that,  in  the  absence  of  other  parts  of  the  skeleton, 
it  would  be  quite  suflScient  to  distinguish  the  subfamily  with- 
out difficulty. 

Dentition. — The  teeth  are  in  such  a  worn  condition  that  they 
furnish  very  unsatisfactory  information  of  their  structure. 
They  were,  however,  so  nearly  like  those  of  Mesonyx  ohtusidens^ 
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fully  described  by  Scott,*  that  if  one  can  judge  from  appear- 
ances, there  will  be  little  difficulty  in  supplying  the  deficiencies. 
The  formula  of  the  specimen  is  Lf,  C.i,  Fm.^,  M.f,  but  there 
is  reason  to  suspect  that  the  senile  condition  of  the  individual 
may  be  responsible  for  the  presence  of  so  few  incisors  in  the 
lower  jaw.  In  the  superior  series  there  are  three  incisors  indi- 
cated upon  each  side,  of  which  but  a  single  one  remains  in 
place  in  the  jaw.  The  alveoli  for  the  others  are  shallow  and 
apparently  partially  closed  up,  which  would  indicate  that  they 
were  to  a  certain  degree  caducous.  They  were,  however, 
implanted  in  the  jaw  in  the  ordinary  way,  and  were  very  little, 
if  at  all,  procumbent.  The  caniiles  are  indicated  by  their  large 
elliptical  alveoli,  which  penetrate  deeply  into  the  maxillje. 
The  first  premolar  is  single  rooted  and  follows  immediately 
behind  the  canine  without  diastema.  The  second  is  two-rooted 
and  had  a  crown  in  the  unworn  condition,  composed  evidently 
of  an  anterior  conical  and  a  posterior  basal  cusp.  The  third  is 
likewise  two-rooted,  with  a  similarly  constituted  crown.  The 
fourth  is  three-rooted,  and  was  therefore,  a  ihree-cusped  tooth 
of  which  there  were  apparently  two  subequal  external  and  one 
internal,  being  thus  fully  molariform.  The  two  succeeding 
molars  are  of  the  same  size,  and,  as  nearly  as  can  be  deter- 
mined, their  crowns  have  the  same  composition.  The  last 
molar  was  considerably  reduced,  but  the  structui*e  of  its  crown 
cannot  be  made  out. 

In  the  inferior  series  there  is  but  a  single  pair  of  incisors, 
but,  as  already  remarked,  the  advanced  age  of  the  individual 
at  the  time  of  its  death  may  have  had  something  to  do  with 
this  condition.  Such  a  view  is  rendered  all  the  more  probable 
by  the  fact  that  the  tooth  pertaining  to  the  right  side,  which 
still  remains  in  place,  lies  close  to  the  canine,  while  its  fellow 
of  the  opposite  side,  or  at  least  what  appeare  to  be  such,  is 
implanted  almost  directly  in  the  middle  of  the  alveolar  border. 
The  canines,  of  which  tne  right  remains  in  situ^  are  of  large 
size  and  upright  position.  The  crown  of  the  one  preserved  is 
badly  worn,  and,  in  consequence,  is  very  blunt  and  rounded. 
The  wear  resulting  from  contact  with  the  corresponding  tooth 
in  the  upper  jaw  is  postero-lateral,  and  hence  normal,  so  that 
it  can  be  definitely  stated  that  they  had  no  such  position  as 
Cope  has  described  in  Mesonyx  laniv^.  With  the  exception 
of  the  single-rooted,  simple-cusped  first  premolar,  all  the  suc- 
ceeding teeth  have  the  bicuspidate  pre  molariform  structure  of 
Mesonyx,  The  last  molar  is  notably  smaller  than  the  rest  and 
is  implanted  well  up  on  the  sloping  border  of  the  coronoid. 
This  gives  a  peculiar  and  characteristic  curved  line  of  implanta- 
tion. 

*  Jour.  Acad.  Nat.  Sci.,  Phila. 
[To  be  coutinued.] 
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Art.  XXXI. — A  new  Crinoidfrom  the  HamUto7i  of  Charles- 
iovm^  Indiana;  by  Elvira  Wood.     With  Plate  V. 

The  following  paper  was  prepared  in  the  laboratory  of  the 
Oeological  Department  of  the  Massachusetta  Institute  of 
Technology:  the  specimen  having  been  furnished  for  study 
through  the  courtesy  of  that  institution.  I  take  pleasure  also 
in  expressing  my  indebtedness  to  Prof.  William  H.  Niles, 
head  of  the  Geological  Department,  for  the  opportunity  thus 
offered. 

The  specimen  which  serves  as  the  type  of  the  species 
described  below,  although  deprived  of  the  free  arms  and  the 
column,  is  exceptionally  well  preserved,  showing  the  more 
delicate  structural  features  of  the  test.  It  is  now  in  the  collec- 
tion of  the  Massachusetts  Institute  of  Technology. 

Genn(BOCT\nus  carinatus^  sp.  nov. 

Calyx  sub-globose.  Arm  regions  prominent  with  deep  fur- 
rows between  them.  Surface  ornamented  by  delicate,  sharply 
elevated  carinse  and  acute  spines. 

Basals  three,  pentagonal.  The  five  hexagonal  radials  fol- 
lowed by  2X5  costals.  First  and  second  costals  slightly,  if  at 
all,  smaller  than  the  radials.  Distichals  1  X 10.  Of  the  pri- 
mary palmars  immediately  following  the  distichals,  that  nearest 
the  median  line  of  the  ray  is  an  axillary  plate  bearing  3x20 
secondary  palmars;  the  outer  is  followed  by  two  additional 
primary  palmars,  making  1X10  on  the  inner,  and  3x10  on 
the  outer  side  of  the  ray,  or  forty  primary  palmars  in  all. 
Interpalmars  three,  following  one  another  in  vertical  succes- 
sion. The  third,  or  most  distal,  primary  and  secondary  palmar 
in  each  row  gives  rise  to  an  arm  making  six  arm  bases  in  each 
ray.  The  free  arms  are  not  preserved.  First  interbrachial 
plate  followed  by  two  in  the  second  and  three  in  the  third  row. 
Plates  of  the  fourth  row  are  variable  in  number.  The  suc- 
ceeding plates  merge  into  those  of  the  tegmen. 

The  heptagonal  primary  anal  of  the  posterior  area  is  suc- 
ceeded by  three  plates  and  these  by  four  with  a  minute  tri- 
angular plat-e  intercalated  between  the  two  rows.  Beyond  this 
the  plates  are  irregular  in  shape  and  difficult  to  distinguish,  but 
there  are  probably  five  plates  in  the  fourth  and  three  in  the 
fifth  row,  as  represented  in  the  diagram  (fig.  1). 

Tegmen  moderately  elevated,  made  up  of  small  irregularly 
arranged  plates.  Ambulacral  regions  convex  and  separated  by 
deep  sulci  extending  half  way  to  the  summit  of  the  tegmen. 
Just  in  front  of  the  arms  in  line  with  the  center  of  the  ray  is 
a  strong  spine  3  to  4°*"  long.     Immediately  surrounding  this 
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spine  is  a  variable  number  of  plates  wbicli  bear  low  spines  or 
nodeB.  Otber  plates  of  tbe  togmen  appear  to  liave  been 
smootb.  Anus  located  half  way  between  the  suminit  and  the 
periphery,  its  plates  not  preserved. 

Case  of  the  caljx  flat,  a  feature  due  to  a  tliickeniiig  of  the 
basals.  This  thickening  extends  over  about  two-thirds  of  the 
surface  of  each  basal  and  is  produced  in  a  thin  ritii  whose 
margin  is  parallel  with  that  of  the  plate. 


4^C1 


Diagram  to  sliow  arraogemeDt  of  calji  plalea  of  0;i 


liiw,  ap.  D 


The  lower  half  of  each  radial  and  tbe  primary  anal  plate  are 
ornamented  by  a  projecting  ercseeiitic  ridge  thickened  at  the 
center  and  dying  out  or  terminated  by  a  spine  at  the  eides. 
From  the  outer  curve  of  this  ridge  carinEe  pass  to  the  upper 
sides  and  angles  of  the  radial,  where  tbey  meet  similar  cariii* 
of  the  higher  brachials.  The  brachials  and  interbrachiala  bear 
strong  carinse  which  pass  from  the  center  to  each  side  of  the 
plate,  and  others,  less  prominent,  directed  toward  but  not 
reaching  the  angles. 

Column  circular,  occupying  one-half  the  area  of  the  basaU. 
Axial  canal  penlalobate  and  having  a  diameter  one-third  that 
of  the  column. 

Observations. — This  species  is  remarkable  for  its  elaborate 
and  delicate  surface  ornamentation,  the  thin  carins  rising  •( 
right  angles  to  the  surface  and  sometimes  a  millimeter  or  more 
in  height 
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The  whorl  of  crescentic  ridges  on  the  radials  when  viewed 
from  below  bears  sonae  resemblance  to  a  six-petaled  flower. 
Each  of  three  alternate  petals  has  a  small  erect  spine  at  the 
center. 

The  carina  following  the  median  line  of  the  ray  and  its 
branches  is  stronger  than  the  others  and  increases  in  promi- 
nence fiom  the  radials  to  the  arm  bases.  This  carina  is  straight 
to  a  point  above  the  middle  of  the  second  costal,  where  it 
divides,  each  branch  crossing  a  distichal  and  branching  again 
below  the  upper  angle  of  the  plate.  A  third  branching  takes 
place  on  the  inner  primary  palmar. 

Spines  are  an  important  feature  of  the  surface  ornamenta- 
tion. In  addition  to  those  already  mentioned  there  are  often 
minute  spines  in  the  angle  formed  by  the  finer  and  coarser 
carinae  of  the  brachials  and  interbrachials.  These  are  some- 
times elongated,  showing  a  tendency  to  form  a  new  carina  in 
this  position.  The  second  costal  bears  a  very  small  spine  in 
the  angle  formed  by  the  branching  of  the  strong  carina,  and 
two  similar  spines  are  present  on  the  inner  side  of  the  dis- 
tichal below  the  branching  and  in  line  with  the  straight  por- 
tion of  the  carina.  Three  much  larger  spines,  decreasing  in 
size  upward,  are  present  on  the  interpalmars,  one  at  the  center 
of  each  plate. 

The  wppcr  plates  of  the  calyx  are  somewhat  variable  in 
shape.  The  second  costals  of  the  posterolateral  rays  are  hep- 
tagonal,  those  of  the  anterolateral  rays  pentagonal  and  the 
anterior  second  costal  is  hexagonal,  having  three  edges  on  one 
side,  above  the  base,  and  two  on  the  other ;  that  is,  one  repre- 
sents the  heptagonal  and  the  other  the  pentagonal  type  of 
plate.  The  distichals  also  vary  in  shape  in  the  diflferent  rays. 
Those  resting  upon  heptagonal  costals  have  six  and  those  on 
pentagonal  costals  seven  sides.  The  distichal  on  one  side  of 
the  anterior  ray  is  thus  heptagonal  and  that  on  the  other  side 
hexagonal,  corresponding  with  the  irregularity  of  the  adjacent 
costal.  The  primary  palmars  resting  upon  the  distichals  are 
heptagonal  on  the  inner  and  pentagonal  on  the  outer  side  of 
the  ray.  The  first  interpalmar  is  an  inverted  pentagonal  plate, 
the  second  hexagonal  and  the  third  obscurely  pentagonal. 

The  first  interbrachial  is  in  each  case  regularly  hexagonal , 
but  the  interbrachials  of  the  second  row  are  six  or  seven-sided 
according  to  the  heptagonal  or  pentagonal  shape  of  the  adjoin- 
ing second  costal.  The  middle  plate  of  the  third  row  is  hexa- 
gonal, wider  at  the  lower  than  at  the  upper  end.  The  other 
two  plates  of  this  row  are  hexagonal  when  the  nearest  dis- 
tichal has  the  same  number  of  sides  and  five-sided  when  the 
latter  is  a  heptagonal  plate. 
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The  plates  of  the  posterior  area  are  irregular  in  shape  and 
liave  live,  six,  or  seven  sides.  Of  tlie  three  plates  resting  upon 
the  primary  anal  two  are  hexagonal  and  one  pentagonal. 

The  plates  of  the  tegmen  do  not  vary  greatly  in  size,  tlie 
orals  being  only  slightly  larger  than  the  others. 

Formation  and  locality, — This  species  is  found  in  lime- 
stones of  the  Hamilton  Group  at  Charlestown,  Indiana. 

The  species  here  described  is  closely  related  to  Acti^ioerinus 
(Oennceocrinus)  cornigerics  Lyon  and  Casseday,  but  it  differs 
from  the  latter  in  the  presence  of  three  instead  of  two  inter- 
pal  mars,  the  absence  of  a  central  spine  on  the  tegmen  and  of 
crescentic  ridges  on  the  radials.  According  to  the  original 
description  of  O.  cornigerus  the  plates  of  the  posterior  area 
resemble  those  of  the  Actinocrinidae,  that  is  one  hexagonal 
primary  anal  followed  by  two  plates;  but  this  species  is 
regarded  by  Wachsmuth  and  Springer  aff  synonymous  with 
G.  kentiicTcieiisis^  in  which  the  primary  anal  is  heptagonal  and 
bears  three  plates  as  in  G.  earlnatus,  G.  ken tuckiensis  diSers 
from  the  latter  species  in  the  number  of  distichals  which  is 
2x10  instead  of  1 X 10,  and  in  the  arrangement  of  the  palmars 
and  interpalmarsthe  axillary  distichals  supporting  2X4  palmars 
in  each  ray,  and  the  three  interpalmars  being  in  two  rows 
instead  of  one.  From  both  G,  kentiickiensis  and  G.  euckaris 
the  present  species  differs  in  the  nearly  equal  size  of  second 
costals  and  radials,  in  the  number  and  arrangement  of  the 
higher  plates  of  the  posterior  area,  and  in  several  other 
important  respects. 

Acthiocrinus  asper  Lyon  bears  an  angular  ridge  on  the 
lower  portion  of  the  radials  which  under  favorable  conditions 
of  preservation  might  resemble  the  petal-like  ornamentation 
of  the  radials  in  Gennasocrinns  carinatus,  but  the  basal  plates 
are  not  thickened  as  in  the  latter  species,  the  costals  are  very 
small  in  comparison  with  the  radials,  and  each  plate  of  the 
tegmen  bears  a  strong  node. 

Genno^crinv^  caHnattts  appears,  therefore,  to  possess  an 
association  of  well  marked  and  peculiar  features  which  entitle 
it  to  be  considered  a  distinct  s])ecies. 

Geological  Department, 
Massachusetts  Institute  of  Technology. 
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Art.  XXXII. — On  the  Estimation  of  Ccesium  and  Rubidium 
as  the  Acid  Sulphates^  and  of'  Potassium  and  Sodium  as 
the  Pyrosulphaies ;  by  Philip  E.  Browning. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  University— CIL] 

BuNSEN*  18  authority  for  the  statement  that  tlie  acid  sul- 
phate of  rubidium  does  not  lose  sulphuric  acid  at  a  heat 
approaching  redness.  It  is  statedf  in  the  literature  that  the 
acid  sulphates  of  caesium  and  rubidium  when  subjected  to  a 
low  red  heat  pass  into  the  form  of  the  pyrosulphates.  R. 
Weber:j:  found  that  by  treating  the  dry  sulphates  of  potassium, 
caesium,  rubidium  and  thallium  with  sulphuric  anhydride  in  a 
closed  tube  and  heating  on  a  water  bath  two  layers  separated. 
In  the  lower  layer  he  obtained  crystalline  bodies  which  proved 
to  have  the  constitution  RjO'SSO,.  On  strong  heating  he 
obtained  from  these  substances  bodies  of  the  form  R,0'2S0, 
and  finally  RjO'SO,.  He  also  notes  that  in  the  case  of  the 
caesium  salt  the  removal  of  the  excess  of  sulphuric  anhydride 
was  attended  with  greater  difficulty. 

Baura§  states  that  the  pyrosulphates  of  the  alkalies  may  be 
obtained  by  heating  the  acid  sulphates  under  atmospheric  pres- 
sure at  low  redness,  or  under  diminished  pressure  at  a  tem- 
perature between  260-320°  C. 

In  a  recent  paper]  from  this  laboratory  I  have  shown  that 
thallium  may  bo  estimated  as  the  acid  sulphate  by  evaporating 
a  thallous  salt  in  solution  with  an  excess  of  sulphuric  acid  and 
bringing  the  residue  to  a  constant  weight  at  a  temperature  of 
about  250°  C.  The  similarity  which  thallium  bears  in  some  of 
its  combinations  to  the  alkaline  metals  suggested  the  study  of 
the  sulphates  of  these  elements  under  the  same  general  condi- 
tions of  procedure. 

My  first  experiments  were  made  with  a  pure  csesium  salt 
as  follows :  A  weighed  amount  of  the  nitrate  was  placed  in  a 
previously  weighed  platinum  crucible  and  treated  with  an 
excess  of  sulphuric  acid.  The  crucible  was  then  placed  upon 
a  steam  bath  until  the  water  and  nitric  acid  were  largely 
expelled  and  then  removed  to  a  radiator,  consisting  of  a  porce- 
lain crucible  fitted  with  a  pipe-stem  triangle  so  arranged  that 
the  bottom  of  the  platinum  crucible  would  be  about  midway 
between  the  top  and  bottom  of  the  porcelain  crucible.  This 
improvised  radiator  was  set  in  an  iron  ring  and  a  thermometer 
placed  so  that  the  mercury  bulb  would  be  on  a  level  with  the 

*  Add.  Ghem.  (Liebifr),  cxix,  110. 

f  Graham.  Otto  Lehrbuchd.  Chem.,  iii,  278,  269. 

^Ber.  DiBch.  Chem.  Ges.,  zvii,  2-197. 

^  Ber.  Dtsoh.  Chem  Ges.,  xz,  752.  |  This  Journal,  iz,  137,  1900. 
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bottom  and  close  to  the  side  of  the  platinum  crucible.  An 
ordinary  Bnnsen  burner  served  as  the  source  of  beat  and  the 
temperature  was  kept  so  far  as  possible  between  250°  C.  and 
270°  C.  After  the  fuming  attending  the  removal  of  the  large 
excess  of  sulphuric  acid  ceased,  the  crucible  and  contents  were 
removed  to  a  desiccator,  and  after  being  allowed  to  cool, 
weighed.  This  process  of  heating  was  continued  for  half- 
liour  periods  until  the  weights  were  constant.  The  results 
shown  in  Table  I  were  obtained  by  this  method  of  treatment. 
In  experiments  (1),  (4)  and  (9)  it  will  be  noticed  that  the 
weights  were  constant  somewhat  above  the  conditions  of  the 
acid  sulphate,  a  fact  which  would  go  to  show  a  tendency  on  the 
part  of  the  caesium  salt  to  hold  an  excess  of  sulphuric  acid  over 
the  amount  necessary  to  form  the  ordinary  acid  sulphate.  The 
results   show   that   by  regulating   the  heat  at  a   temperature 
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0-1245 

0-1272 
0-1252 

01248 

00003  -h 
0-0007  + 

between  250°  C.  ana  270°  C.  ctBsium  may  be  brought  with  a  fair 
degree  of  certainty  to  the  condition  of  the  acid  sulphate.  As 
a  check  upon  the  results  the  acid  sulphate  was,  in  a  few  cases, 
treated  with  a  little  ammonium  hydroxide,  the  excess  of  this 
was  removed  upon  a  steam  bath  and  the  neutral  sulphate  was 
obtained  bv  isrnition  at  a  red  heat  to  a  constant  weiffht.  These 
determinations  agreed  fairly  well  with  the  theory. 

The  same  procedure  was  followed  with  rubidium,  a 
pure  rubidium  chloride  having  been  chosen  as  the  starting 
point.  The  results  are  given  in  Table  II.  No  tendency  was 
observed  on  the  part  of  this  element  to  hold  sulphuric  acid  in 
excess  of  the  amount  necessary  for  the  formation  of  the  acid 
sulphate.  When  the  same  method  of  treatment  was  applied  to 
the  sodium  and  potassium  salts,  pure  chlorides  being  used  as 
the  starting  point,  a  somewhat  different  result  was  obtained, 
in  that  the  weight  of  the  final  product  appeared  to  indicate  the 
formation  of  the  pyrosulphate. 
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The  results  given  in  Tables  III  and  IV,  in  which  the  sodiam 
and  potassium  salts  are  calculated  as  pyrosnlphates,  are  suffi- 
ciently satisfactory  for  purposes  of  quantitative  estimation. 

As  in  the  case  of  the  caesium  and  rubidium  salts,  a  number 
of  determinations  as  the  neutral  sulphates  were  made  by  igni- 
tion of  the  sodium  and  potassium  pyrosulphates  with  results 
which  are  recorded.  In  Table  V  two  determinations  are 
recorded,  in  one  of  which  the  csesium  and  rubidium  salts 
were  treated  together,  and  in  the  other  the  sodium  and 
potassium  salts.     An  application  of  this  same  general  method 
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0  1993     0-1972     00021 
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to  a  lithium  salt  gave  no  evidence  of  the  existence  of  a  stable 
acid  sulphate  or  pyrosulphate.  The  results  may  be  summed  up 
as  follows  :  Caesium  and  rubidium  salts  of  volatile  acids  when 
treated  with  sulphuric  acid  in  excess  and  brought  to  a  constant 
weight  at  a  temperature  between  250°  C.  and  270°  C.  form 
acicT salts  of  the  type  KHSO^  and  the  neutral  salts  of  the  type 
R,SO^  on  Ignition.  Some  tendency  of  the  caesium  salt  to  hold 
more  sulphuric  acid  than  corresponds  to  the  formation  of  the 
acid  sulphate  RHSO^  was  apparent  at  temperatures  between 
250°  C.  and  270°  C,  but  upon  raising  the  temperatures  above 
300°  C.  the  loss  was  excessive  and  showed  a  tendency  on  the 
part  of  the  acid  sulphate,  at  this  temperature,  to  pass  toward 
the  condition  of  the  pyrosulphate.  Sodium  and  potassium 
salts  when  heated  under  the  conditions  described  give  pyro- 
snlpbates  of  the  type  RaS,0,  which  on  ignition  go  into  the  neutral 
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sulphates  of  the  form  R,SO,.  Lithium  gives  neither  salts  of 
the  type  RHSO^  nor  of  the  type  R^SjO,  under  the  conditions 
of  these  experiments. 
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Art.  XXXIIl. — Time  Values  of  Provincial  Carhoniferoua 
Terranea ;  by  Charles  K.  Keyes. 

There  bave  recentl}'*  been  discussed  at  length  certain 
remarkable  features  relating  to  the  development  of  the  Gar- 
boniferonB  rocks  in  tlie  province  of  the  Mississippi  valley. 
The  enormoDB  thickoese  of  the  Carboniferons  of  the  region— 
probably  npwarde  of  25,000  feet — and  the  nicety  with  which 
it  is  separable  into  serial  and  minor  subdivisions  tend  to  make 
the  general  geolofiical  section  of  the  Continental  Interior  basin 
the  standard  oDe  for  America. 


PeHiHii 

NOdfHERNSccTiOr. 

S«m.Ei~SEcrroN 

rhi^lrn«.t 

*iiiiBur,an 

tooo- 

O..Ma,nrs    ^^^ 

itoo- 

tgflnff 

Fia.  1. — Relative  ForDiatiooal  DevelopmeDt  of  Ibe  Carbon  if erous. 

In  describing  the  viirions  peeuiiaritics^of  the  formations  only 
the  strati  graphical  relations  and  features  were  considered. 
The  importance  attached  to  the  marked  inequalities  in  the 
development  of  the  five  series  recognized  which  was  made 
such  a  prominent  factor  and  the  absence  of  ail  reference  to  the 
relations  of  the  several  series  to  the  time  standard,  appears  to 
have  led  to  the  inference  that  the  time  ratios  were  to  be 
regarded  as  approximately  proportional.  It  whs  not  tlie  intent 
to  andnly  emphasize  the  stratigraphical  disparities  at  the 
expense  of  the  time  representatives.  The  latter,  for  reasons 
not  necessary  to  specify  in  detail  here,  were  simply  thought  to 
be  phases  of  the  subject  not  to  be  considered  in  the  article 
menttoned. 
•  BuU.  QmI.  8oc  America,  vol.  lii,  1901,  pp.  173-196. 
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The  stratigraphical  features  considered  are  summed  up  in 
the  diagram  above.  It  represents  a  meridional  ideal  section 
across  tlie  Carboniferous  basin  of  the  Western  Interior  region. 
The  north  and  south  ends  are  drawn  to  scale.  The  white  rep- 
resents the  relative  formational  development ;  and  the  black 
the  portions  now  missing. 

The  very  unequal  development  of  the  several  series  has 
given  rise  to  a  tendency  to  misconstrue  the  taxonomic  ranks 
of  the  formations.  For  example,  the  Des  Moines  series  has 
been  sometimes  given  a  rank  subordinate  to  that  of  series; 
while  in  the  case  of  the  Oklahomau  the  suggestion  has  been 
made  to  have  its  rank  that  of  a  system. 

If  the  stratigraphical  vahies  of  the  series  be  represented 
according  to  their  relative  developments,  they  appear  about 
as  follows : 

Cimarron 1 

Oklahoman   2 

Missourian 4 

Dcs  Moinc's 1 

Arkansan 35 

Mississippian 5 

In  the  general  geological  scheme,  which  is  dual  in  character, 
the  time  ratios  are  as  important  as  those  represented  by  the 
stratigraphy.  Faunal  and  floral  comparisons  of  the  different 
sections  are  not  possible  at  this  time  because  exact  information 
is  scant.  We  have,  therefore,  to  rely  upon  data  derived  from 
all  the  available  sources.  Assuming  that  the  time  occupied  in 
the  formation  of  the  Des  Moines  series,  according  to  the  cor- 
rected valuation  hereafter  considered,  as  unity,  the  factors 
tending  to  modify  the  accepted  values  indicated  by  the  thick- 
ness of  the  several  scries  may  be  briefly  enumerated. 

The  Mississippian  series  is  predominently  a  limestone  forma- 
tion. Taken  alone,  its  Jithological  composition  would  indicate 
a  long  time  element.  As  a  matter  of  fact,  its  formation  was 
probably  much  more  rapid  than  is  usual  among  limestones. 
The  major  member  is  made  up  of  a  crinoidal  and  shell  breccia. 
The  accumulation  of  its  material  would  thus  take  place  many 
times  faster  than  the  formation  of  tine-grained,  non-fossilifer- 
ous  beds  through  ordinary  precipitation.  Another  feature 
indicating  that  the  period  during  which  the  Mississippian  beds 
were  laid  down  was  not  so  long  as  might  appear  at  first  glance, 
is  the  undoubted  oscillation  of  the  sea-floor,  which  grew  quite 
marked  towards  the  close  of  the  period.  In  these  changes  of 
elevation  the  uprisings  at  length  predominated  over  the  down- 
sinkings,  finally  resulting  in  the  complete  emergence  of  a  large 
part  of  the  province  above  sea-level,  and  closing  the  Mississip- 
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pian  period.  Over  the  entire  area  now  known  as  the  Upper 
Mississippi  valley  a  prolonged  period  of  subaerial  erosion 
took  the  place  of  sedimentation.  West  of  the  h'ne  now  occu- 
pied by  Mississippi  river  the  land  border  extended  southward 
beyond  the  latitude  of  the  present  Missouri-Arkansas  boundary, 
as  lately  clearly  shown  by  Marbut.*  The  full  significance  of 
this  position  of  the  old  shore-line  at  the  close  of  the  Lower 
Carboniferous  is  considered  else  where,  f  Taken  in  all  its  vari- 
ous aspects,  the  data  at  hand  indicate  that  the  length  of  time 
occupied  in  the  formation  of  the  Mississippian  was  but  little 
more  than  that  during  which  the  Des  Moines  series  was  laid 
down.  Compared  with  the  Des  Moines,  the  Mississippian 
should  probably  be  placed  at  about  one  and  one-half. 

The  enormous  development  of  Coal-measures  in  central 
Arkansas  has  been  an  anomaly  in  the  stratigraphy  of  the  Car- 
boniferous. The  thickness,  estimated  by  Brannerij:  to  be  over 
20,000  feet,  is  much  greater  than  that  of  the  entire  Carbonif- 
erous elsewhere  on  the  American  continent.  The  conditions 
permitting  this  vast  accumulation  were  certainly  very  local  and 
unusual.  They  are  briefly  stated§  as  follows :  South  of  the 
latitude  of  the  Boston  mountains  in  northern  Arkansas,  Car- 
boniferous sedimentation  continjaed  on  without  interruption 
from  the  Mississippian ;  while  in  the  north  erosion  took  place. 
The  sediments  from  the  northern  land  area,  where  erosion  was 
going  on  vigorously,  were  carried  southward  and  dumped  off 
the  shore,  rapidly  building  the  latter  outward. 

There  may  have  been  a  great  land  area  in  northern  Lou- 
isiana, and  probably  was.  If  so,  what  is  now  the  Arkansas 
River  valley  was  a  broad  deep  estuary  opening  out  to  the  west, 
and  the  sediments  came  in  from  both  sides,  as  well  as  from  the 
head  towards  the  east.  The  conditions  were  then  similar  to 
those  presented  now  by  the  lower  Mississippi  plain.  Only  the 
great  embayment  opened  to  the  west  instead  of  to  the  south. 

The  present  Arkansas  valley,  however,  has  probably  been 
formed  through  erosion  largely,  if  not  entirely,  since  Tertiary 
times  and  by  a  system  of  drainage  in  no  way  dependent  upon 
the  Carboniferous  drainage.  When  the  great  uplift  of  Mis- 
souri and  Arkansas  rose,  the  northern  part,  embracing  the 
so-called  Ozark  isle,  and  the  southern  portion,  comprising  the 
Ouachita  mountains,  were  made  up  of  resistant  limestones,  and 
yielded  less  quickly  to  erosion  than  the  central  soft  shales  ;  and 
the  Arkansas  river,  which  happened,  in  the  old  peneplain,  to 
traverse  the  central  part  of  the  uplifted  area,  was  able  to  main- 

*  Missouri  Geol.  Sur..  vol.  x.  1890.  p.  83. 

f  Bull.  Geol.  Soc.  America,  vol.  xii,  1901.  p.  17.'). 

X  This  Journal  (4),  vol.  ii,  1896.  p.  235. 

§  Bull.  Geol.  Soc.  America,  vol.  xii,  1901,  p.  195. 
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tain  its  old  course.  The  present  uplift,  which  is  due  to  one 
general  movement,  is  now  apparently  divided  into  two  elevated 
regions  separated  by  a  broad  valley. 

While  in  the  south  there  is  this  prodigious  record  of  the 
strata,  in  the  north  there  is  no  record  at  all  in  sediments.  The 
period  of  erosion  is  represented  by  only  a  thin  irregular  plane 
of  unconformity  from  which  alone  no  time  value  can  be  deter- 
mined. In  spite  of  the  enormous  thickness  of  the  Arkansan, 
the  time  element  must  have  been  very  much  less  than  would 
ordinarily  be  inferred  from  the  figures  relating  to  the  vertical 
interval  occupied.  The  period  might  have  been  as  extended 
as  the  Mississippian  ;  but,  all  things  considered,  it  would  seem 
much  more  lilcely  that  it  was  actually  considerably  more  lim- 
ited than  that  of  the  series  immediately  below.  Probably  the 
time  ratio  would  be  very  nearly  the  same  as  for  the  Des 
Moines. 

Although  the  Des  Moines  series  is  so  thin  over  such  a  large 
part  of  the  area  occupied  by  it,  it  is  actually  very  much  more 
important  as  a  terrane  than  its  relative  thickness  would  indi- 
cate. North  of  the  Boston  mountains  the  formation  is  per- 
haps nowhere  over  500  feet  in  thickness.  The  beds  composing 
the  series  were  laid  down  along  a  shore  which  was  on  the 
whole  gradually  sinking.*  Many  oscillations  permitted  suh- 
aerial  erosion  to  take  place  time  and  again,  so  that  the  newly 
formed  sediments  were  frequently  reinoved  or  worked  over 
almost  as  fast  as  they  were  formed.  It  was  a  period  when 
erosion  contended  against  deposition  for  supremacy,  with  a 
result  of  one  making  advances  at  one  time  and  the  other  at 
another.  The  net  result  was  finally  a  slight  gain  for  sedimen- 
tation.f  The  period  was  manifestly  a  long  one,  for  it  is 
believed  that  in  Arkansas  no  less  than  3,500  feet  of  strata  are 
referable  to  it.  Its  time  ratio  is  certainly  not  very  much  less 
than  that  of  the  Mississippian. 

The  Missourian  series  is  essentially  a  marine  formation  inter- 
calated between  two  tcrranes  which  were  laid  down  in  shallow 
waters.  Its  limestones  are  nowhere  the  coarse-grained  breccias 
such  as  occur  so  frequently  in  the  Mississippian.  They  are 
fine-grained  and  often  earthy,  and  are  separated  from  each 
other  by  important  beds  of  shale,  which  are  moreover  usually 
much  thicker,  reaching  measurements  of  often  several  hun- 
dreds of  feet.:!:  It  is  not  improbable  that  part  of  these  beds 
were  laid  down  while  some  of  the  nearer  shore  sediments  of 
the  Des  Moines  series  were  being  carried  into  still  water8.§ 

*  Iowa  Geol.  Sur.,  vol.  ii,  1894,  p.  in. 
\  This  Journal  (;^),  vol.  xli,  1891,  p.  273. 
X  American  Geologist,  vol.  xxiii,  1899,  p.  298. 
g  Iowa  Geol.  Sur.,  vol.  li,  189  i,  p.  162. 
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In  point  of  the  time  taken  for  its  formation,  the  Missonrian 
series  may  be  regarding  as  ranking  with  tlie  Mississippian. 

The  so-called  Permian  of  the  Western  Interior  basin  (Okla- 
homan  and  Cimarron,  the  latter  generally  known  as  the  Red 
Beds)  is  composed  largely  of  shales  and  shaly  sandstones. 
Unusual  conditions  prevailed  during  the  formation  of  these 
beds.  In  the  main,  the  deposits  indicate  the  presence  of  shal- 
low waters,  in  strong  contrast  to  the  marine  conditions  which 
prevailed  previously  in  the  same  region.  The  sediments  were 
laid  down  largely  in  more  or  less  closed  basins,  which  may 
have  often  had  access  to  the  sea,  but  which  finally  became 
altogether  drj'. 

The  conditions  existing  were  identical  with  those  under 
which  the  original  Permian  beds  of  Russia  were  formed.* 
Nothwithstanding  the  comparatively  great  development  of  the 
beds  of  these  series,  the  formation  of  them  was  evidently  rapid. 
The  time  occupied  was  probably  not  more  than  twice  as  long 
as  that  of  the  Missouriau. 

Careful  comparison  of  all  available  data  indicates  that  the 
actual  time  ratios  for  all  the  series  is  very  nearly  equal.  All 
things  considered,  this  appears  quite  remarkable.  The  values 
seem  best  to  accord  with  the  following  figures : 

Cimarron 1 

Oklahoman 1 

Missonrian 14 

Des  Moines 1 

Arkansan 1 

Mississippian 1^ 

♦  Jourual  Geology,  vol.  vii,  1899,  p.  320. 
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Art.  XXXIY. —  The  Spectra  of  Ilydrogen  and  some  of  its 
Compounds;  by  John  Trowbridge.     (With  Plate  VI.) 

In  a  late  paper  I  expressed  the  conviction  that  the  so-called 
line  spectrum  of  hydrogen  cannot  be  considered  apart  from 
the  spectrum  of  water  vapor ;  and  that  one  can  never  be  sure 
that  one  is  observing  with  a  condenser  discharge  a  pure  spectrum 
of  hydrogen.  I  am  convinced  from  further  experimentation 
that  this  conclusion  is  correct ;  and  I  am  also  led  to  the  con- 
clusion that  a  certain  amount  of  water  vapor  is  essential  in  all 
electrical  discharges  through  gases.  Just  as  aqueous  vapor 
seems  to  play  an  important  role  in  most  chemical  reactions,  so, 
it  seems  to  me,  its  presence  in  rariiied  gases  contained  in  ordi- 
nary glass  tubes,  enables  a  dissociation  to  take  place  which 
determines  the  strength  and  character  of  the  electrical  dis- 
charges. 

I  am  led,  moreover,  to  the  conclusion  that  pure  hydrogen  is 
a  perfect  insulator,  and  that  the  passage  of  electricity  through 
a  gas  depends  upon  the  dissociation  of  the  hydrogen  and 
oxygen,  by  means  of  which  change  in  the  distribution  of 
energy  the  gases  are  made  luminous.  Before  proceeding  to  an 
account  of  my  experiments,  I  will  state  some  of  the  grounds 
upon  which  1  base  my  belief  that  pure  hydrogen  is  an  insula- 
tor of  electricity. 

V.  Schumann,  in  an  important  paper,  has  shown  that  a 
column  of  pure  hydrogen  at  atmospheric  pressure  transmits 
the  ultra-violet  rays  as  well  as  the  most  perfect  vacuum  he  has 
been  able  to  obtain.  Now  Maxwell's  electromagnetic  theory 
of  light  demands  that  the  space  between  us  and  the  sun,  or  in 
other  words  the  vacuum  of  space,  should  be  a  perfect  insulator, 
otherwise  the  electromagnetic  waves  would  be  completely 
absorbed  and  the  earth  would  remain  in  darkness.  This 
observation  of  Schumann  seems  to  me  one  of  the  most  impor- 
tant in  physical  science,  for  it  proves,  I  believe  incontestably, 
that  hydrogen  cannot  be  a  conductor. 

Professor  Dewar  has  also  shown  that  liquid  hydrogen  is  an 
insulator.  The  experiment  sometimes  shown,  in  which  a  wire^ 
rendered  incandescent  by  a  current  of  electricity  and  sur- 
rounded by  an  atmosphere  of  carbonic  dioxide,  is  suddenly  di- 
minished in  brilliancy  by  supplanting  this  atmosphere  by  one  of 
hydrogen,  can  be  explained,  in  my  opinion,  not  by  the  better  con- 
ductibility  of  hydrogen  for  heat,  but  by  the  increased  resistance 
of  platinum  due  to  the  occlusion  of  this  gas  by,  platinum.     A 

♦Ann.  d.  Phjsik,  No.  3,  1901,  p.  642;  this  Journal,  May,  1901,  p.  394. 
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palladium  wire  increases  often  as  much  as  fifty  per  cent,  by 
the  occlusion  of  hydrogen. 

The  increased  length  of  the  electric  spark  in  an  atmosphere 
of  hydrogen  is  not  due  to  an  increased  conductibility,  but  to  a 
dissociation  of  water  vapor  which  is  analogous  to  that  which 
takes  place  in  a  voltaic  cell. 

These  are  some  of  the  facts  which  lead  me  to  believe  that 
hydrogen  is  an  insulator  and  that  the  water  vapor,  therefore, 
plays  a  controlling  part  in  the  passage  of  electricity  through 
gases.  1  am  conscious  that  the  conclusions  in  this  paper  are 
somewhat  radical;  and  I  have,  therefore,  worked  assiduously, 
during  the  past  three  years,  to  test  them  in  every  way  which 
my  mind  suggested,  for  it  is  not  probable  that  many  investi- 
gators have  at  present  twenty  thousand  storage  cells,  which 
would  enable  them  to  repeat  my  experiments.  The  strength 
of  currents  and  the  voltage  I  have  employed  have  certainly 
reached  the  limits  of  glass  tubes  to  withstand  such  powerful 
discharges.  The  form  of  tube  figured  in  my  previous  article* 
is  the  only  one  which  I  have  found  capable  of  withstanding 
steady  currents  of  one  tenth  to  one-fifth  of  an  ampere,  and 
instantaneous  condenser  discharges  of  many  hundred  amperes. 

The  great  advantage  of  the  use  of  a  storage  battery  over  the 
employment  of  a  Kuhmkorf  coil,  in  the  study  of  the  ionization 
and  molinization  of  gases,  is  now  generally  recognized.  This 
advantage  is  forcibly  seen  in  the  first  experiment  which  I  shall 
bring  forward  in  support  of  my  view  of  the  importance  of  the 
role  played  by  water  vapor  in  the  passage  of  electricity  through 
gases.  A  wide  tube  of  the  type  1  have  referred  to,  the  narrow 
portion  being  approximately  one  centimeter,  was  provided 
with  massive  copper-ring  electrodes,  oue  inch  in  outside  diam- 
eter and  one-eighth  of  an  inch  thick,  which  were  heavily 
electroplated  with  copper  in  order  to  avoid  the  impuri- 
ties of  commercial  copper.  The  glass  tubes  were  then 
exhausted  and  filled  with  hydrogen  made  by  the  electrolysis  of 
distilled  water  and  phosphoric  pentoxide.  The  gas  was  sent 
through  tubes  filled  with  caustic  potash  and  many  drying 
tubes  filled  with  phosphoric  pentoxide.  The  gas  was  kept  in 
the  drying  tubes  many  hours ;  and  its  flow  was  delayed  by 
partitions  of  glass  wool.  More  than  a  litre  of  the  gas  was 
used  in  the  process  of  flushing  out  the  spectrum  tubes ;  so  that 
the  entire  pump  and  connectmg  tubes  were  for  several  hours 
presumably  filled  with  hydrogen  gas. 

When  tne  tubes,  having  been  exhausted  to  the  most  lumi- 
nous stage,  were  excited  by  a  condenser  discharge  and  were 
examined  by  a  straight- vision  spectroscope,  the  ordinary  four- 

*Thi3  Journal,  x,  222,  1900. 
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line  spectrum  of  liydrogen  alone  seemed  to  bo  present. 
When,  however,  the  invisible  portion  in  the  violet  was  photo- 
graphed, the  baiids  at  wave  lengths  3900  and  4316  were 
invariably  present,  unless  the  tube  had  been  maintained,  dnring 
the  process  of  filling,  to  a  temperature  of  more  than  860®  C. 
After  such  a  process  of  heating  the  spectrum  became  that 
represented  in  I^late  VI,  fig.  2,  while  before  heating  it  was  that 
shown  in  Plate  VI,  tig.  1.  In  both  plates  the  normal  spectrum 
is  above  the  gaseous  spectra.  Further  toward  the  ultra-violet, 
under  all  conditions,  there  were  also  nitrogen  bands.  Long  heat- 
ing diminished  the  strength  of  these  bands.  This  process  of 
experimentation  shows  that  mere  eye  inspection  of  glass  tubes 
filled  with  rarified  gases  is  generally  fallacious;  we  might  con- 
clude from  this  eye  study  that  the  presence  alone  of  the  four 
lines  of  hydrogen  denoted  that  we  had  this  gas  in  a  pure 
state;  whereas  the  photography  of  the  invisible  portion  would 
show'  that  this  was  tar  from  the  truth. 

When  the  glass  tubes  filled  with  rarified  hydrogen  were 
submitted  to  the  influence  of  a  steady  current  of  electricity,  it 
was  found  that  perfectly  pure  copper  was  deposited  in  a  lus- 
trous state  on  the  glass  walls  of  the  tube  which  surrounded  the 
negative  terminal,  while  an  olive-green  oxide  of  copper 
covered  the  walls  around  the  positive  terminal.  The  same 
tube  was  excited  by  a  Rnhmkorf  coil,  and  no  difference  could 
be  detected  in  the  deposits  around  both  terminals ;  they  were 
both  rusty  green  with  here  and  there,  it  may  be,  streaks  of 
pure  copper.  The  mirrors  produced  by  a  strong  steady  current 
at  the  negative  terminal  were  very  lustrous  and  showed  no 
trace  of  an  oxide  of  copper.  It  was  evident  that  the  current 
had  dissociated  water  vapor  in  the  presence  of  an  excess  of 
hydrogen,  and  had  reduced  the  copper  at  the  negative  pole 
and  had  set  free  oxygen  at  the  positive  polCj  which  had,  in 
turn,  combined  with  copper.  The  rarified  gases  thus  acted 
like  a  voltaic  cell. 

When  we  examine  the  photograph  of  the  discharge  repre- 
sented on  Plate  VI  we  see  an  interesting  exhibition  of  ionixation 
and  molinization.  The  hydrocarbon  bands  at  wave  length  4815 
show  a  series  gradually  decreasing  in  length  of  waves,  while 
another  band  beginning  at  wave  length  3000,  due  probably  to 
water  vapor,  shows  a  series  increasing  in  length  of  waves.  It 
would  seem  that  the  carbon  in  one  case  endeavored  to  throw 
off  the  hydrogen  from  the  hydrocarbon  molecule |  and  i&  the 
other  case  tjie  hydrogen  became  loaded  with  oxygen  inolecnles. 
This  to  and  fro  ionization  and  molinization  continues  until  the 
oxide  of  copper  at  the  positive  terminal  has  taken  up  a  large 
share  of  the  oxygen  of  the  water  vapor  present.  There  is  thus 
a  critical  point  in  the  tube  at  which  a  sudden  increase  of  resist- 
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ance  takes  place.  It  is  possible  to  exhaust  glass  tabes  to'such 
a  degree  by  the  mere  passage  of  a  strong  steady  current  that 
X-rays  begin  to  manifest  themselves. 

When  a  similar  tube,  filled  with  hydrogen  with  great  care 
and  prepared  by  long  heating  at  a  temperature  a  little  below 
500°  C,  is  submitted  to  electrical  discharges,  the  water  vapor 
bands  become  far  less  pronounced;  and  the  hydrocarbon  band 
at  wave  length  4315  entirely  disappears,  while  the  light  of  the 
tube  greatly  diminishes  in  brilliancy.  The  hydrocarbon  or 
cyanogen  band  at  wave  length  3884  is  present  in  all  the  tubes 
I  have  employed  ;  and  with  whatever  gas  is  submitted  to  these 
strong  discharges.  Strong  heating  does  not  cause  it  to  disap- 
pear, and  it  seems  to  be  due  to  carbonaceous  matter  introduced 
into  the  tubes  in  the  process  of  blowing  for  I  cannot  trace  it 
to  impurities  coming  from  the  pump.  Professor  Hartley,  in  a 
late  communication  in  Nature,  has  called  attention  to  the  con- 
stant presence  of  hjdrocarbon  spectra  in  Geissler  tubes;  At  a 
later  point  in  this  paper  I  shall  return  to  a  further  study  of 
these  spectra,  due  to  the  combination  of  hydrogen  and  nitrogen 
with  carbon.  At  present  I  desire  to  dwell  upon  the  point  I 
wish  to  make :  that  all  discharges  in  raritied  gases  contained 
in  glass  vessels  are  conditioned  by  the  amount  of  water  vapor 
present ;  and  that  a  steady  current  passes  through  a  gas  at 
comparatively  low  pressure  much  in  the  same  manner  that  it 
does  through  an  electrolyte. 

In  an  article  on  the  production  of  the  X-rays  by  a  steady 
battery  current,  I  dwelt  upon  the  phenomena  presented  in 
highly  rarified  tubes  which  represent,  to  my  mind,  the  disso- 
ciation of  water  vapor;  and  1  will  refer  again  at  this  point  to 
the  phenomena  already  described.  According  to  this  hypothe- 
sis the  rariiied  water  vapor  is  dissociated  at  the  surface  of  the 
anticathode,  which  is  thus  greatly  heated ;  the  occluded  hydro- 
gen plays  a  part  in  this  phenomenon. 

The  behavior  of  large  aluminum  electrodes  in  glass  vessels 
filled  with,  ammonia  gas  is  also  an  interesting  example  of  the 
dissociation  of  water  vapor.  The  gas  was  obtained  by  heating 
ammonium  chloride,  passing  it  over  fretihly  slaked  lime  and 
through  drying  tubes  filled  with  phosphoric  pentoxide.  A 
sufiicient  amount  of  ammonia  gas  was  thus  obtained  for  the 
purposes  of  spectrum  analysis. 

When  a  large  condenser,  charged  to  a  difference  of  potential 
of  twenty  thousand  volts,  was  discharged  through  the  rarified 
ammonia  gas — there  being  practically  no  self-induction  in  the 
circuit,  and  the  main  effect,  therefore,  was  due  to  the  pilot 
discbarge — the  light  of  the  tube  changed  from  a  brilliant  white 
to  a  rosy  red  ;  and  eye  inspection  with  a  straight-vision  spectro- 
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scope  showed  only  the  line  spectrum  of  hydrogen.  One  would 
conclude  from  this  inspection  alone  that  there  was  pare  hydro- 
gen in  the  tube.  One  might  also  surmise  that  the  oxygen  of 
the  water  vapor  always  present  on  the  walls  of  the  glass  vessel 
had  combined  with  the  aluminum  terminals,  setting  free  the 
liydrogen  which  then  carried  the  current.  The  pressure,  how- 
ever, in  the  tube  increased,  and  therefore  gas  must  have  come 
from  the  aluminum.  In  the  exhaustion  of  X-ray  tubes  pro- 
vided with  aluminum  cathodes  much  time  and  long  treatment 
with  condenser  discharges  is  necessary  to  drive  out  the  gases 
from  this  cathode.  The  principal  gas  seems,  from  the  experi- 
ment with  ammonia  gas,  to  be  oxygen.  The  same  phenomenon 
is  seen  in  tubes  supplied  with  magnesium  terminals,  but  to  a 
much  less  extent.  It  is  not  seen  when  the  terminals  are  of 
copper,  iron,  silver,  platinum  or  carbon.  This  behavior  of 
aluminum  toward  oxygen  is  very  suggestive  in  regard  to  the 
ready  passage  of  the  A-rays  through  this  metal. 

I  have  been  unable,  with  the  conditions  under  which  I  have 
worked,  namely,  the  use  of  very  powerful  discharges,  to  obtain 
the  spectra  of  hydrogen  apart  from  water  vapor  and  liydro- 
carbons.  The  study,  therefore,  of  the  spectra  of  hydrogen 
compels  one  to  carefully  study  the  spectra  of  the  hydrocarbons 
and  that  of  cyanogen  ;  for  I  am  forced  to  the  conclusion  that 
the  combination  of  hydrogen  with  oxygen  is  a  controlling  fac- 
tor in  all  discharges  through  rarified  gases.  The  following  is  a 
preliminary  study  of  some  of  these  compounds,  which  is  added 
at  this  stage  of  my  inquiry  to  illustrate  this  theory.  When 
various  gases  are  put  in  tubes  provided  with  carbon  electrodes 
and  these  tubes  are  exhausted  to  a  pressure  of  from  one  to  two 
millimeters  the  resultant  spectra  are  very  similar.  The  follow- 
ing gases  have  been  studied  in  the  neighborhood  of  the  great 
H  H  lines  of  the  solar  spectrum  : 

Hydrogen 

Oxygen 

Nitrogen 

In  the  hydrogen  tube  the  only  lines  that  appeared  in  tlie 
region  from  4320  to  3200  were : 

4268  very  intense 
3922  faint. 

The  tube  was  very  thoroughly  heated  while  it  was  being  ex- 
hausted. The  above  mentioned  lines  do  not  generally  appear 
with  hydrogen  in  tubes  with  metallic  electrodes;  but  with  a 
tube  with  platinum  electrodes,  tilled  with  hydrogen,  and 
heated  for  two  hours  during  exhaustion  at  a  temperature  of 
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360*^  C,  the  same  two  lines  appeared,  and  in  addition  the  fol- 
lowing very  faint  lines : 

3871 
3886 

These  same  four  lines  also  appear  in  carbon  tubes  when  filled 
with  oxygen.     In  addition,  tiie  following  lines  are  present : 

3936 
3971 
4077 

All  these  lines  appear  in  the  nitrogen  tabe,  and  in  addition: 

3883 
3876 
3868 
3856 
3849 
3841 

None  of  these  lines  appear  in  tnbes  with  metallic  electrodes 
filled  with  nitrogen ;  and  they  are  therefore  not  nitrogen 
lines.  All  the  lines  in  the  nitrogen  tube  are  more  intense 
than  those  in  the  oxygen  tube,  and  it  is  possible  that  with  a 
longer  exposure  these  additional  lines  would  come  out  in  the 
oxygen. 

To  study  the  effect  of  the  carbon  terminals,  the  following 
gaseous  compounds  were  put  into  wide  tubes  provided  with 
copper  terminals  and  rendered  luminous  by  condenser  dis- 
charges : 

Cyanogen 

Carbon  monoxide 

Carbon  dioxide 

Acetylene. 

Cyanogen  was  prepared  by  heating  mercuric  cyanide  and  pass- 
ing the  gas  over  sulphur  to  remove  any  traces  of  mercury 
vapor.  Carbon  monoxide  was  prepared  by  heating  potassium 
oxalate  with  concentrated  sulphuric  acid  and  passing  the  gas 
over  potassium  hydroxide,  and  collecting  over  water.  Carbon 
dioxide  was  prepared  by  treating  potassium  carbonate  with 
dilute  sulphuric  acid  and  collecting  over  water.  All  of  these 
gases  were  allowed  to  remain  in  contact  with  pentoxide  before 
introduction  into  the  tubes. 

With  acetylene,  carbon  monoxide,  and  carbon  dioxide,  con- 
denser discharges  being  employed,  the  results  appear  to  be 
iflentical  with  those  obtained  with  hydrogen  in  the  tube  with 
carbon  electrodes.  With  cyanogen  the  same  lines  appear;  and 
in  addition,  the  bands  which  are  characteristic  of  these  gases 
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with  continuous  currents,  which  will  be  described  later.  In 
general,  with  condenser  discharges,  all  these  spectra  are  the 
same;  the  differences  which  occasionally  appear  may  be  due  to 
changes  in  pressure,  time  of  exposure,  etc. 

The  line  4268  in  all  these  cases  is  by  far  the  most  prominent 
line  present  in  the  region  studied,  and  may  be  taken  as  charac- 
teristic of  hydrogen,  oxygen,  and  nitrogen  in  tubes  with  car- 
bon terminals,  and  of  gaseoas  carbon  compounds  in  tubes  with 
metallic  terminals  This  line  does  not  usually  appear  in 
hydrogen  in  tubes  with  metallic  terminals;  occasionally  it 
appears  very  faintly.  It  appears,  however,  very  strongly  in  a 
tube  provided  with  platinum  terminals  which  is  filled  with 
hydrogen  and  heated  for  two  hours  during  exhaustion  to  a 
temperature  of  350°  C.  The  spectrum,  in  this  cape,  appears  to 
be  identical  with  the  spectrum  of  hydrogen  in  a  tube  provided 
with  carbon  terminals.  Were  it  not  for  this  fact,  it  would 
seem  as  if  this  line  were  due  to  carbon  in  some  form ;  but  even 
with  this  fact,  it  is  possible  that  there  was  enough  foreign  car- 
bonaceous matter  present  in  the  platinum  tube  to  produce  the 
result  noted. 

Eder  and  Valenta*  find,  among  others,  the  following  lines  in 
the  spectrum  of  an  induction  coil  between  carbon  terminals: 

4268 
3921 

Apparently  these  are  the  same  lines  found  in  the  tubes  pro- 
vided with  carbon  electrodes;  and  also  in  tubes  with  metalhc 
electrodes  which  are  filled  with  carbon  compounds.  Observed 
visually,  with  a  straight-vision  spectroscope,  all  the  above  cases 
appear  identical.  When,  for  instance,  hydrogen  was  put  into 
the  tube  with  carbon  terminals  and  submitted  to  discharges 
from  an  induction  coil,  at  first  the  line  spectrum  of  hydrogen 
appeared.  After  the  discharge  had  passed  for  some  time,  this 
gradually  changed  into  the  characteristic  band  spectrum  of  car- 
bon. To  the  eye  alone  the  change  was  equally  noticeable;  the 
light  being,  at  first,  reddish,  and  then  changing  to  a  white. 
Similar  changes  were  noticed  when  nitrogen  and  oxygen  were 
used  in  the  carbon  tube. 

It  seems  to  me  that  the  following  conclusions  can  be  drawn 
provisionally  from  the  above:  When  various  elementary  gases 
are  introduced  into  wide  tubes  with  carbon  electrodes  and 
exhausted  to  a  pressure  of  1-2'""",  and  submitted  to  condenser 
discharges,  compounds  of  carbon  with  the  various  gases  are 
formed.  With  nitrogen  this  compound  is  probably  cyanogen; 
with  hydrogen  acetylene;  but  when  a  photograph  of  the  spec- 
trum in  each  case  is  taken,  we  get,  not  the  spectrum  of  the 

♦Beiblatter,  xviii,  1894,  p.  763. 
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compound,  nor  that  of  the  elementary  gas,  but  a  carbon  spec- 
trum. This,  however,  does  not  mean  that  we  get  the  line 
spectrum  of  elerneiitary  carbon ;  for  it  is  certain  that  there  is 
water  vapor  present  in  the  tubes,  notwithstanding  the  temper- 
ature to  which  it  has  been  subjected.  The  carbon  may  then 
unite  with  the  oxygen  of  the  water  vapor,  forming  either 
carbon  monoxide  or  dioxide;  the  hydrogen  being  occluded  by 
the  terminals  or  the  glass  walls. 

Just  as  the  spectra  of  gai^eous  carbon  compounds  in  wide 
tubes  with  metallic  terminals  appear  identical  with  the  spectra 
of  elementary  gases  in  tubes  with  carbon  electrodes  submitted 
to  condenser  discharges,  ho  we  should  expect  that  the  spectra 
produced  would  be  the  same  in  the  two  cases.  This  is  found 
to  be  true.  The  general  appearance  of  the  photographs 
obtained  with  continuous  currents  is  very  different  from  those 
obtained  with  condenser  discharges.  In  the  former  case  there 
is  a  marked  band  appearance  in  addition  to  a  line  spectrum. 
The  most  prominent  of  these  bands  in  the  region  studied  is 
the  one  beginning  at  3884.  With  the  dispersion  used  this 
band  consists  of  live  prominent  lines  crowding  together  toward 
the  ultra-violet.  A  somewhat  similar  band,  apparently  of  six 
lines,  begins  at  421G.  Another  band,  rather  faint,  consisting  of 
a  large  number  of  fine  lines  shading  off  toward  the  ultra-violet, 
begins  at  4126.  The  bands  beginning  at  4216  and  4884 
appear  to  be  the  same  as  the  bands  which  Kayser  and  Rungo* 
designate  respectively  as  the  second  and  third  cyanogen  bands 
in  the  arc  spectrum  of  carbon  in  air. 

Besides  these  bands  a  number  of  single  lines  appear  which 
are  common  to  all  the  gases.  Among  these,  the  most  promi- 
nent are: 

3652 
4048 
4080 
4360 

In  the  tube  filled  with  cyanogen  many  of  the  same  lines  that 
appear  in  tubes  with  metallic  terminals  filled  with  nitrogen 
are  present  besides  the  above.  This  is  true  to  a  certain  extent 
of  the  other  gases ;  and  it  is  not  surprising,  since  it  is  to  be 
expected  that  some  atmospheric  air  is  always  present  as  an 
impurity. 

The  conclusions  to  be  drawn  from  these  experiments  with 
steady  currents  are  similar  to  those  we  have  deduced  from 
condenser  discharges.  When  elementary  gases  are  introduced 
into  tubes  with  carbon  terminals  and  exhausted  to  a  pressure 

*  Abhandlungen  der  Akudemie  der  WisseDSch.  zu  Berlin,  1889. 
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of  1-2"",  and  are  Biibmitted  to  continnons  currents,  we  obtain 
the  spectrum  of  carbon  or  some  compound  of  carbon.  From 
the  above  results  very  little  information  can  be  obtained  as  to 
what  this  compound  is.  The  same  spectrum  is  obtained  what- 
ever gas  is  introduced  into  the  tube ;  and  moreover,  this  is  the 
same  spectrum  which  is  given  by  gaseous  carbon  compounds 
in  tubes  with  metallic  terminals. 

What,  then,  are  the  conclusions  to  be  drawn  from  the  pres- 
ent stage  of  this  investigation  with  gases  submitted  to  powerful 
electric  discharges  ?     It  seems  to  me  they  are  as  follows  : 

1.  Hydrogen  is  an  insulator. 

2.  The  passage  of  electricity  through  hydrogen,  nitrogen, 
oxygen  and  their  gaseous  compounds,  is  conditioned  by  the 
water  vapor  present. 

3.  The  dissociation  of  this  water  vapor  in  the  case  of  tubes 
filled  apparently  with  pure  hydrogen,  under  the  effect  of  a 
strong  steady  current  of  electricity,  shows  an  electrolytic  action 
closely  analogous  to  that  of  the  voltaic  cell.  In  the  case  of 
electrolytic  copper  terminals  in  an  atmosphere  of  hydrogen, 
pure  copper  is  deposited  from  the  negative  terminal ;  and  a 
suboxide  of  copper  at  the  positive  terminal. 

4.  Under  the  eflfect  of  powerful  condenser  discharges  oxygen 
is  set  free  from  commercial  aluminum  and  magnesium. 

5.  Certain  carbon  bands  are  always  present  in  glass  tubes 
filled  with  hydrogen,  nitrogen,  oxygen  and  ammonia  gas  not- 
withstanding the  greatest  care  which  may  be  taken  in  submit- 
ting them,  during  the  process  of  exhausting,  to  a  high  tempera- 
ture, when  powerful  discharges  are  employed. 

6.  The  brilliancy  of  the  light  of  tubes  filled  with  hydrogen 
diminishes  as  the  process  of  the  dissociation  of  water  vapor 
goes  on  and  the  resistance  of  the  tube  increases.  It  is  possible 
to  raise  such  a  tube  to  the  X-ray  stage  from  a  pressure  of 
1-2™"  merely  by  the  application  of  a  strong  steady  current. 

7.  The  X-rays  excited  by  the  application  of  a  steady  cur- 
rent are  due  to  the  radiations  set  up  by  the  dissociation  of 
highly  rarified  water  vapor. 

Jefferson  Physical  Laboratory, 
Harvard  Univeraity. 
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SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Induced  Radio-activity  produced  by  Salts  of  Radium, — 
An  interesting  series  of  experiments  has  been  made  by  P.  Cubib 
and  A.  Dbbiebne,  which  shows  that  radio-activity  is  trans- 
mitted in  the  air  through  short  distances  and  induces  activity  in 
other  substances.  This  induced  activity  is  much  more  intense 
when  it  is  produced  in  completely  closed  vessels  than  when  the 
action  takes  place  in  the  open  air.  A  radiferous  substance  was 
placed  in  a  small  open  bulb  in  a  closed  vessel,  and  plates  of 
various  substances  (lead,  copper,  aluminium,  glass,  ebonite,  card, 
paraffin,  all  of  which  appear  to  be  acted  on  in  about  the  same 
manner)  were  placed  in  various  positions  in  the  vessel,  and  in  all 
positions,  even  behind  a  lead  screen,  they  became  active  to  about 
the  same  extent  after  a  day's  exposure,  provided  that  the  air  of 
the  vessel  had  free  access  to  their  surfaces.  A  plate  resting  on 
the  bottom  of  the  vessel  became  active  only  on  its  exposed  sur- 
face. With  very  active  barium  chloride  (radium),  plates  exposed 
for  several  days  in  this  way  attained  an  activity  8000  times 
grreater  than  a  plate  of  metallic  uranium  of  the  same  dimensions. 
When  exposed  to  the  free  air,  tlie  plates  lose  the  greater  part  of 
their  activity  in  a  day,  but  the  activity  disappears  much  more 
slowly  when  the  plates  are  left  in  the  closed  vessel  after  the 
active  substance  has  been  removed.  If  the  experiment  is  made 
with  the  bulb  containing  the  active  substance  completely  closed, 
no  induced  activity  is  obtained.  Other  experiments  showed  that 
this  induction  is  rapidly  carried  throngh  capillary  tubes  connect- 
ing small  closed  spaces.  It  was  found  that  the  action  is  pro- 
gressive, finally  reaching  a  limit  which  depends  upon  the 
activity  of  the  active  body.  The  action  is  more  rapid  the 
smaller  the  vessel  containing  the  bodies.  These  phenomena 
have  been  observed  with  various  salts  of  active  barium,  such  as 
the  chloride,  sulphate,  and  carbonate.  Salts  of  actinium  also 
produce  induced  activity,  but,  on  the  other  hand,  salts  of 
polonium,  even  when  very  active,  produce  no  such  effect.  The 
authors  believe  that  this  circumstance  may  have  a  connection 
with  the  fact  that  polonium  does  not  emit  rays  that  are  deviated 
by  the  magnetic  field. 

In  a  subsequent  communication  the  same  authors  state  that 
water  can  be  rendered  radio-active  either  by  distilling  it  from  a 
solution  of  radium  chloride  in  an  air-tight  vessel,  by  placing  a 
dish  of  water  in  a  closed  space  containing  a  solution  of  a  radium 
salt,  or  also  by  enclosing  a  solution  of  a  radium  salt  in  a  her- 
metically closed  celluloid  capsule  and  plunging  the  latter  into 
distilled  water  in  a  closed  vessel.  In  the  last  case,  no  trace  of 
the  salt  passes  into  the  water,  but  the  activity  of  the  solution  is 
to  a  great  extent  communicated  to  it.     This  induced  activity  can- 
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not  be  transmitted  by  air  through  a  wall  of  dry  celluloid,  but  it 
passes  easily  if  the  wall  is  wet  with  a  drop  of  water^  Water  can 
be  rendered  very  strongly  active,  but  when  kept  in  a  sealed  tube 
it  loses  the  greater  part  of  its  activity  in  a  few  days.  When 
kept  in  an  open  vessel  the  water  loses  its  activity  much  more 
rapidly,  the  loss  being  the  more  rapid  the  greater  the  surface 
exposed  to  the  air.  Solutions  of  radium  salts  in  open  vessels 
behave  in  the  same  way  as  the  water  just  mentioned,  but  in  this 
case  the  loss  of  activity  is  not  absolute,  for  if  such  a  solution  is 
put  into  a  sealed  tube  it  gradually  acquires  its  original  activity 
m  the  course  of  ten  days  or  so.  The  authors  look  upon  radio- 
activity as  being  analogous  to  heat  in  being  dissipated  by  radia- 
tion and  by  conduction.  In  the  latter  case  it  passes  through 
gases  and  liquids,  but  not  through  solids.  If  a  solid  radio-active 
body  is  left  free  to  the  air,  its  activity  does  not  diminish  sensi- 
bly, and  the  authors  have  shown  that  a  solution  of  a  salt  pro- 
duces much  more  intense  phenomena  of  induced  radio-activity 
(twenty  times  greater)  than  the  solid  salt  itself.  When  the  salt 
has  been  in  solution  several  days,  the  radio-active  energy  is 
divided  between  the  salt  and  the  water,  and  if  the  latter  be  then 
distilled  off,  it  contains  a  great  part  of  the  activity,  while  the 
solid  salt  is  much  less  active  (ten  or  fifteen  times,  for  example) 
than  before  solution.  When  left  to  itself  the  solid  salt  regains, 
little  by  little,  its  original  activity.  The  communication  of  the 
activity  of  a  radium  salt  to  its  water  of  solution  is  very  slow, 
and  equilibrium  is  obtained  only  after  about  ten  days. —  Coniptes 
JRendfts,  cxxxii,  No.  9;  cxxxiii,  No.  5.  h.  l.  w. 

2.  A  JS'eio  Method  of  Quantitative  Afialysis, — R.  W.  Thatcher 
has  devised  a  method  lor  determining  the  weights  of  precipitates 
without  separating  them  from  the  liquid  from  which  they  are 
precipitated.  The  proposed  method  consists  in  determining  the 
weight  of  a  measured  volume  of  the  precipitate  and  mother- 
liquor,  and  then  determining  the  specific  gravity  of  the  mother- 
liquor  alone.  From  these  data,  if  the  specitic  gravity  of  the 
precipitate  is  known,  the  weight  of  the  latter  may  be  calculated 
by  the  formula, 

d(a-bd') 


X  = 


d-d' 


where  a  is  the  total  weight,  b  the  total  volume,  d  the  specific 
gravity  of  the  precipitate,  and  d'  the  specific  gravity  of  the 
liquid.  In  order  to  apply  the  method,  the  author  determined  the 
specific  gravities  of  a  number  of  precipitates  by  using  known 
quantities  of  soluble  compounds  of  the  substances  to  be  deter- 
mined, precipitating  as  usual  in  this  process,  and  determining  the 
specific  gravities  of  the  mixture  and  of  the  mother-liquor.  A 
modification  of  the  formula  that  has  been  given  then  served  to 
give  the  required  specific  gravities.  The  analytical  operations 
were  carried  out  by  the  use  of  two  Geissler  specific  gravity  bot- 
tles of   100  and  50"  capacity.     A  precipitation  was  first  made  in 
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a  volume  less  than  that  of  the  larger  bottle,  the  whole  was  trans- 
ferred to  the  latter  at  a  temperature  below  20°>  which  was  used 
as  the  temperature  for  weighing,  and  the  bottle  was  filled  with 
water,  the  contents  thoroughly  mixed,  and  the  whole  finally 
weighed.  To  obtain  the  mother-liquor  free  from  the  precipitate, 
the  contents  of  the  bottle  were  transferred  to  a  test-tube  and 
whirled  in  a  centrifugal  machine.  For  settling  most  precipitates 
less  than  one  minute  was  required,  while  in  no  case  was  it  neces- 
sary to  spin  the  apparatus  more  than  three  minutes.*  The  clear 
liquid  was  then  drawn  off  by  means  of  a  dry  pipette,  and  its  specific 
gravity  was  taken  in  the  smaller  Geissler  bottle.  The  author  has 
applied  the  method  to  the  determination  of  chlorine  as  silver 
chloride,  sulphur  as  barium  sulphate,  calcium  as  oxalate,  phos- 
phoric acid  as  ammonium  phosphomolybdate  and  invert  sugar  by 
means  of  the  cuprous  oxide  precipitated,  with  very  satisfactory 
results.  The  method  requires  that  the  composition  of  the  pre- 
cipitate should  be  constant,  although  it  need  not  be  exactly 
known.  It  was  found  that  the  specific  gravity  of  aluminium 
hydroxide  varies  with  the  time  that  elapses  after  precipitation, 
so  that  the  method  is  not  yet  applicable  to  the  determination  of 
this  substance.  It  is  expected  that  the  method  will  find  con- 
siderable application,  particularly  for  rapid  work  in  technical 
analysis,  but  it  requires  very  accurate  specific  gravity  determina- 
tions where  quantities  of  about  one  gram  are  taken,  a  circum- 
stance which  will  probably  limit  its  adoption  by  analytical 
chemists. — Jour,  Amer,  Chem,  ISoc,  xxiii,  644.  h.  l.  w. 

3.  JEuropium,  a  Neic  Element, —  By  a  long  series  of  fractiona- 
tions with  magnesium  nitrate  DEMARgAV  has  separated  an  earth, 
intermediate  between  gadolinium  and  samarium  oxides,  of  sufiS- 
cient  purity  to  show  no  samarium  lines,  and  only  mere  traces  of 
gadolinium  lines  in  the  spectrum.  The  solutions  give  absorp- 
tion-bands, and  when  traces  of  calcium  sulphate  are  added  to  the 
oxide  a  brilliant  phosphorescent  spectrum  is  produced.  The 
approximate  atomic  weight  151  is  mentioned,  but  no  details  in 
regard  to  the  determination,  nor  any  account  of  the  chemical 
properties  of  the  substance  are  given.  Numerous  spectrum  lines 
are  described,  however,  and  the  name  given  above  is  proposed 
for  the  element. —  Chem,  News,  Ixxxiv,  1.  h.  l.  w. 

4.  JResearch  Papers  from  the  Kent  Chemical  Laboratory  of 
Yale  University ;  edited  by  Frank  Austin  Gooch,  Professor 
of  Chemistry  in  Yale  University.  In  two  volumes  :  Vol.  I, 
pp.  xiv,  411;  Vol.  II,  pp.  X,  415.  New  York,  1901  (Charles 
Scribner's  Sons,  price  $7.50  net). — This  work  forms  part  of  the 
"Yale  Bicentennial  Publications,"  a  series  of  volumes  prepared 
by  the  Professors  and  Instructors  of  Yale  University  and  issued 
in  connection  with  the  Bicentennial  Anniversary  to  be  held 
Oct.  20-23  of  the  present  year  ;  the  series  is  designed  as  "  a  par- 
tial indication  of  the  studies  in  which  the  University  teachers  are 
engaged." 

The  Kent  Chemical  Laboratory  established   at   New  Haven 
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through  the  liberality  of  Mr.  Albert  Eramett  Kent,  was  opened  in 
1888  under  the  direction  of  Professor  F.  A.  Gooch.  The  original 
research  work  accomplished  in  the  laboratory  since  that  time  by 
Professor  Gooch  and  his  students  is  now  presented  together  in 
these  two  volumes.  One  hundred  and  eight  papers  are  included, 
the  larger  part  of  them  upon  analytical  processes  in  inorganic 
chemistry.  A  critical  review  of  these  papers  is  not  called  for  in 
this  place  since  almost  all  of  them  have  been  published  in  the 
pages  of  tliis  Journal  from  vol.  xxxix,  1890,  to  the  current 
volume.  This  collection  of  papers  speaks  most  strongly  for  the 
large  amount  of  excellent  original  work  which  has  been  accom- 
plished in  this  laboratory. 

6.  Magnetic  Effect  of  Electrical  Convection, — A  discussion  of 
the  experiments  of  Rowland  and  of  Cremieu  upon  this  subject  is 
given  by  H.  A.  Wilson  in  the  July  number  (pp.  144-150)  of  the 
Philosophical  Magazine  ;  the  object  of  the  paper  being  to  point 
out  that  Cremieu's  failure  to  confirm  Rowland's  results  is  to  be 
attributed  rather  to  the  methods  employed  than  to  the  non- 
existence of  these  effects.  The  author's  conclusions  are  stated  as 
follows : 

**  (1)  That  in  Creniieu's  attempt  to  detect  the  electrostatic  effect 
of  a  yarying  magnetic  field,  the  effect  of  the  steady  magnetic 
field  on  the  charging  currents  was  left  out  of  account,  and  that 
his  latter  effect  is  equal  and  opposite  to  the  former. 

(2)  That,  consequenti}',  Cremieu's  negative  result  constitutes 
an  indirect  proof  of  the  existence  of  an  electrostatic  effect  of  a 
varying  magnetic  field,  of  the  amount  usually  predicted  theoreti- 
cally. 

(3)  That  in  Cremieu's  attempt  to  repeat  Rowland's  experiment, 
his  addition  of  a  metallic  screen  placed  close  up  to  the  fixed  sec- 
tors should  cause  a  current  to  be  produced  which  should  almost 
entirely  compensate  the  desired  effect. 

(4)  That  Cremieu's  partial  failure  without  the  additional 
screen,  is  quite  possibly  due  to  defective  insulation  of  his  sectors." 

The  experiments  of  H.  Pender  upon  the  same  subject,  briefly 
stated  in  the  Johns  Hopkins  University  Bulletin  No.  152  (this 
Journal,  xii,  p.  173),  are  discussed  at  length  in  the  August  num- 
ber of  the  Philosophical  Magazine. 

6.  The  Effect  of  Amalgamated  Gases  on  Resistance  ;  by  Wil- 
liam Rollins.  (Communicated.) — As  the  result  of  experiments 
with  X-li<;ht  tubes,  I  concluded  that  we  depend  on  gases  amalga- 
mated with  the  terminals  of  a  vacuum  tube  for  an  efficient  cathode 
stream  for  producing  X-light.  It,  therefore,  seemed  desirable  to 
see  if  the  partial  removal  of  these  gases  would  in  any  way  change 
the  resistance  of  the  metal  forming  the  terminals.  Spiral  ter- 
minals were  made,  the  ends  of  each  spiral  being  brought  to  the 
outside  of  the  tube  so  that  a  current  could  be  sent  through  the 
spirals  before  the  X-light  tube  was  pumped  and  after  as  much 
gas  as  possible  had  been  removed  from  the  metal  by  heat,  elec- 
tricity and  pumping.     Mr.  Gelling  and  Mr.  Heinze  constructed 
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the  tabes  and  made  the  tests  during  the  summer  of  1900.  They 
reported  that  the  resistance  of  a  wire  was  increased  by  removing 
the  amalgamated  gases.  In  one  experiment  the  resistance  of  the 
wire  forming  a  spiral  terminal  in  an  X-light  tube  was  '068  of  an 
ohm  before  and  '080  after.  The  instruments  for  making  the 
experiments  were  not  of  a  high  grade.  On  this  account  the 
results  were  not  reported,  as  I  hoped  to  repeat  the  experiments 
with  better  apparatus  and  with  terminals  made  of  all  the  common 
metals.  As  this  opportunity  has  not  come,  I  now  report  the 
experiments  that  some  one  better  equipped  may  extend  them. 

II.    Miscellaneous  Scientific  Intelligence. 

1.  American  Association. — The  fiftieth  annual  meeting  of  the 
American  Association  for  the  Advancement  of  Science  was  held 
at  Denver,  Colorado,  during  the  week  beginning  August  24th. 
The  President  of  the  meeting  was  Professor  Charles  S.  Minot  of 
Cambridge.  The  attendance  was  larger  than  might  have  been 
anticipated  considering  the  distance  of  Denver  from  Eastern 
centers,  the  registration  reaching  311;  nearly  one-third  of  those 
in  attendance  came  from  the  Atlantic  coast.  The  interest  taken 
by  the  citizens  in  the  proceedings  and  their  efforts  for  the  enter- 
tainment of  the  guests  contributed  essentially  to  the  success  of 
the  meeting.  About  220  papers  were  presented  for  reading  at 
the  sessions  of  the  Association  and  those  of  the  affiliated  societies, 
which  were  also  well  attended.  The  address  of  the  retiring 
President,  Professor  \i.  S.  Woodward,  was  delivered  on  the 
evening  of  August  27  on  the  subject  "  The  Progress  of  Science." 
The  address  is  printed  in  full  in  the  issue  of  (Science  for  August 
30.  The  following  numbers  of  the  same  journal,  which  is  now 
the  official  organ  of  the  Association,  contain  a  detailed  account 
of  the  Denver  meeting  with  the  addresses  of  the  Vice  Presidents 
before  the  several  sections. 

The  place  selected  for  the  meeting  of  1902  is  Pittsburg,  the 
meeting  to  embrace  the  week  from  June  28  to  July  3.  The 
officers  elected  are  as  follows  : 

President^  Asaph  Hall. 

Vice  Presidents :  Section  A,  G.  W.  Hough,  Northwestern 
University;  Section  B,  W.  S.  Franklin,  Lehigh  University  ;  Sec- 
tion C,  II.  A.  Weber,  Ohio  State  University  ;  Section  I), 
J.  J.  Flather,  University  of  Minnesota  ;  Section  E,  O.  A. 
Derby,  Sao  Paulo,  Brazil  ;  Section  F,  C.  C.  Nutting,  Iowa  State 
University;  Section  G,  D.  11.  Campbell,  Leland  Stanford  Uni- 
versity ;  Section  H,  Stewart  Culin,  University  of  Pennsylvania  ; 
Section  I,  C.  D.  Wright,  Commissioner  of  Labor,  Washington  ; 
Section  K,  W.  II.  Welch,  Johns  Hopkins  University. 

Permanent  Secretary,  L.  O.  Howard  of  Washington  ;  General 
*Secretarj/,  D.  T.  MacDougal,  New  York  Botanical  Gardens ; 
Treasurery  R.  S.  Woodward,  Columbia  University. 

A  meeting  of  the  Association  will  also  be  held  in  Washington 
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during  **  convocation  week,"  that  is  the  week  of  Jan.  iRt,  1903. 
This  mid-winter  meeting  is  a  decided  change  of  policy,  but  it  iii 
left  for  the  future  to  decide  whether  the  time  of  meeting  shall 
be  permanently  changed  or  whether  there  shall  be  two  meetings 
annually. 

2.  British  Association, — The  meeting  of  the  British  Associa- 
tion for  the  Advancement  of  Science  was  held  in  Glasgow,  Sept. 
11  to  18.  The  presidential  address  was  delivered  by  Prof.  A.  W. 
KUcker  (see  Nature,  Sept.  12). 

3.  Catalogue  of  the  African  Plants  collected  by  Dr,  Friedrich 
Welwitsch  in  1858-61,      Vol.  lly  Part  IT^  Cryptogamia^  British 

Museum  (Natural  History),  1901.  Pp.  261-505. — The  final  por- 
tion of  this  work  is  especially  valuable  since  it  contains  accounts 
by  no  less  than  ten  specialists  of  all  the  divisions  of  cryptogams 
from  a  region  where  the  lower  plants  had  been  seldom  collected. 
The  groups  most  fully  treated  are  the  fresh  water  algSB  by  W.  & 
G.  S.  West  and  the  lichens  by  E.  A.  Wainio.  It  is  stated  that 
the  earliest  collections  of  algje  made  in  Africa  are  more  extensive 
and  repreKentalive  than  any  hitherto  described.  Of  the  orders 
of  fresh  water  algae  the  Desmidiaceae  and  Myxophycie  are  best 
represented.  It  is  of  interest  to  note  the  occurrence  of  Nosto- 
chopsis  hihatics  Wood,  first  discovered  in  the  United  States,  and 
later  found  in  South  America.  In  looking  over  the  list  of  ifresh 
water  s|)ecies  from  Africa,  one  finds  a  confirmation  of  the  fact 
that  fresh  water  alga^  are  more  cosmopolitan  in  their  range  than 
any  other  plants  except  j)erhaps  the  algse  of  brackish  water. 
The  marine  algae  which  were  worked  up  by  Miss  E.  S.  Barton  are, 
as  might  have  been  expected,  much  less  numerously  represented, 
only  forty  species  being  enumerated,  and  some  of  these  were 
collected  at  Madeira  and  the  Cape  Verde  Islands.  The  lichens 
include  a  large  number  of  new  species  which  are  described  in 
detail.  The  fungi  were  determined  by  Miss  A.  L.  Smith,  and 
include  the  species  of  Welwitsch  previously  described  by  (/urry 
and  Lagerheim.  Of  the  four  Mycetozoa  enumerated  by  Arthur 
Lister,  two  were  first  found  in  the  United  States.  The  mosses 
by  Antony  Gepp,  and  the  hepatics  by  F.  Stephen!  include  a 
number  of  new  spt^cies,  and  the  vascular  cryptogams  are  given  by 
W.  Carruthers  with  the  description  of  but  one  new  species. 
There  is  also  a  general  index  of  both  volumes  of  the  catalogue. 

W.  G.  F. 

4.  Leitfaden  der  Wetterktmde^  gem einv erst dndlich  bearheitet : 
von  Dr.  li.  Borxstein.  Pp.  181  with  17  plates  and  numerous 
text  figures.  Braunschweig,  1901  (Fr.  Vieweg  u.  Sobn). — The 
number  of  those  interested  in  the  science  of  weather  piedictions 
and  desirous  of  having  an  intelligent  knowledge  of  the  meteoro- 
logical principles  upon  which  they  are  based  has  increased  very 
largely  in  recent  years  in  consequence  of  the  admirable  work 
done  by  the  various  Government  Bureaus.  To  them,  as  also 
indeed  to  those  who  have  already  had  a  training  in  this  branch 
of  science,  the  author's  concise  and  systematic  treatment  of  the 
subject    will    be   of  great   value.      lie   discusses   all   the  topics 
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involved  with  uniform  clearness  throughout  and — so  far  as  space 
illows — with  much  thoroughness.  At  some  points  the  work  cou- 
sins so  much  that  it  will  call  for  close  study  from  those  not 
ilready  well  grounded  in  physical  science.  An  interesting  chap- 
^r  is  that  giving  a  brief  account  of  the  work  of  the  Weather 
Bureaus  of  the  various  governments.  The  book  is  well  illustrated, 
the  charts  at  the  end  including,  for  example,  the  representations 
>f  the  different  types  of  clouds,  being  particularly  good. 

5.  Studien  Uber  die  Narkoae ;  von  Dr.  E.  Overton.  Pp.  196. 
Jena,  1901.  G.  Fischer. — This  monograph  contains  a  review  and 
mtique  of  the  more  prominent  theories  of  the  mode  of  action  of 
larcotics  and  anaesthetics.  The  greater  part  of  the  book  is  taken 
ip  with  a  discussion  of  the  theory  of  narcosis  which  has  recently 
been  advanced  by  Professor  Hans  M*»yer  of  Marburg,  and  advo- 
cated independently  by  the  author.  Uriefly,  this  theory  assumes 
that  all  chemically  indifferent  compounds  which  are  soluble  in 
fats  or  similar  substances  act  as  narcotics  on  living  protoplasm  to 
lihe  extent  to  which  they  are  distributed  therein.  This  action 
w\\\  obviously  be  most  pronounced  on  those  tissues  which  are 
richest  in  fat-like  compounds,  viz.,  the  nervous  tissues.  The  com- 
parative efficiency  of  various  substances  as  narcotics  (anaesthetics) 
[nast  be  dependent  on  their  relative  affinity  for  these  fat-coutain- 
iog  tissues  and  the  tissue  fluidrf  respectivt-ly.  Dr.  Overton  has 
Attempted  to  ascertain  this  relationship — the  coefficient  of  distri- 
bution— for  a  number  of  organic  compounds  which  act  as  narcotics. 
Many  experiments  on  plants  and  animals — mostly  lower  forms — 
are  reported  in  detail  by  the  author,  who  is  an  assistant  in  botany 
at  the  UniverMty  of  Zttrich.  l.  b.  m. 

6.  Utber  Harrnonieund  Complication  ;  von  Dr.  Victor  Gold- 
30HMIDT.  Pp.  136,  large  8vo.  Berlin,  1901  (Julius  Spring«r). — 
Starting  from  some  of  the  fundamental  principles  of  crystallo- 
graphy, the  author  has  attempted  to  show  that  analogous  laws 
exist  both  in  the  harmonic  relations  and  in  their  combination  in 
other  departments  of  science — as  in  sound  and  light.  Thus  the 
so-called  harmonic  series  of  numbers  of  which  a  simple  example 
is  given  by  O'i'l'2'oo,  which  in  crystallography  defines  the 
position  of  the  planes  in  a  crystal  in  terms  of  the  molecular 
forces,  is  believed  to  fix  the  positions  of  most  of  the  notes  of  the 
musical  scale  and  also  those  of  the  chief  Fraunhofer  lines  in  the 
solar  spectrum.  It  would  be  impossible  in  a  brief  space  to  make 
clear  the  methods  of  the  author  in  arriving  at  this  conclusion, 
still  less  to  explain  his  manifold  deductions.  The  reader  cannot 
fail  to  appreciate  the  industrious  ingenuity  exercised  even  if  not 
convinced  as  to  the  correctness  of  all  the  views  advanced. 

7.  Nature^  8  Miracles:  J^antiliar  Talks  on  tkience ;  by  Eli  sua 
Gray,  Ph.D.,  LL.D.  Vol.  III.  Electricity  and  Magnetism.  Pp. 
248,  12mo.  New  York,  1901  (Fords,  Howard  and  Hulbert). — 
In  this  little  volume  the  writer  presents  some  of  the  important 
topics  in  electricity  and  magnetism  in  simple  language  and  with 
familiar  illustrations,  designed  to  interest  the  general  reader  to 
whom  scientific  treatises  are  closed  books. 
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Obituary. 

Charles  Anthony  Schott,  for  many  years  a  promineot 
member  of  the  staff  of  the  United  States  Coast  Survey,  died  oo 
July  31  at  the  age  of  seventy-five  years.  Bom  at  Mant)- 
heira,  Germany,  in  1826,  he  came  to  this  country  at  the  age  of 
twenty-two  and  at  once  entered  the  service  of  the  United  States 
Coast  Survey,  in  connection  with  which  he  was  to  do  soch  impor- 
tant work.  A  man  of  keen,  well-trained  and  original  mind, 
endowed  with  unlimited  energy  and  industry,  his  labors,  carried 
on  for  half  a  century,  have  contributed  no  small  part  to  the 
grand  total  accomplished  by  this  Bureau.  He  was  early 
attached  to  the  Computing  Division  and  in  1855  he  assumed 
charge  of  this  department,  a  position  which  he  retained  until 
January,  1900  ;  in  1856  he  was  advanced  to  the  rank  of  assistant. 
He  is  best  known  for  his  numerous  and  important  contributions 
to  Terrestrial  Magnetism,  frequent  references  to  which  will  be 
found  in  these  pages.  It  was  in  recognition  of  his  services  in  this 
direction  that  in  1898  he  received  the  Wilde  Prize  from  the 
French  Academy.  After  being  relieved  of  his  duties  as  Chief  of 
the  computing  division,  early  in  1900,  he  was  assigned  to  the  dis- 
cussion of  the  arc  measurements  in  the  United  States ;  the 
volume  entitled  **  The  Transcontinental  Triangulation  and  Ameri- 
can Arc  of  the  Parallel "  was  prepared  by  him  (see  this  Journal, 
vol.  xi,  p.  172,  1901).  This  important  work  and  another,  "The 
Eastern  Oblique  Arc  of  the  United  States,"  now  about  to  be 
issued,  form  a  fitting  close  to  the  labors  of  a  long  and  most  useful 
career. 

The  following  just  tribute,  adopted  Aug.  1  by  the  members  of 
the  Survey,  well  exj)res8e8  the  estimate  of  the  man  formed  by 
those  most  closely  associated  with  him  :  *'  He  was  enthusiastic, 
faithful,  and  diligent  in  all  duties  he  was  called  upon  to  perform, 
and  through  his  learning  and  probity  earned  a  reputation  extend- 
ing over  two  continents  which  is  most  worthy  of  emulation. 
Conscientious  and  expert  in  his  specialties,  geodesy  and  terres- 
trial magnetism,  his  labors  added  immeasurably  to  the  reputation 
of  the  Bureau  and  of  his  comrades  who  gathered  the  material  he 
so  ably  discussed.  The  methods  of  computation  now  in  use  in 
the  Bureau  are  an  indelible  record  of  his  ability.  His  high  ideals 
of  dut}'  and  his  tireless  and  persistent  striving  for  them  made 
him  stand  forth  as  a  noble  example  of  the  best  type  of  public 
official,  and  his  uniform  kindliness  endeared  him  to  those  who 
knew  him  as  a  friend." 

Barox  Adolf  Erik  Nordknskiuld  died  at  Stockholm  on 
August  12  in  his  sixty-ninth  year.  He  was  alike  renowned  for  his 
numerous  and  important  contributions  to  the  Mineralogy  and 
Geology  of  Scandinavia  and  even  more  for  his  intrepid  explora- 
tions in  the  far  north. 

Dr.  Wiliiklm  Schur,  Professor  of  Astronomy  at  Gottineeo, 
well  known  both  for  his  researches  and  his  work  as  a  teacher, 
died  the  past  summer  at  the  age  of  fifty -five  years. 

Baron  de  Laoazb-Dutiiibrs,  the  celebrated  French  zoologist, 
Professor  in  the  Sorbonne,  died  otv  JvA^  11  \u  his  eighty -first  year. 
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Art.  XXXV. — On  the  Effect  of  Temperature  and  of  Moisture 
on  the  Emanation  of  i^hosphorue^  and  on  a  Distinction  in 
the  Behavior  of  Nuclei  and  of  Ions  ;  by  C.  Barus. 

Introduction, 

1.  Objectj  etc, — Endeavoring  to  differentiate  the  properties 
of  the  nucleus  and  the  ion,  it  occurred  to  me  that  the  effects 
of  temperature,  when  worked  out  simultaneously  by  the  volu- 
metric and  by  the  electrical  methods,  would  probably  present 
a  contrast.  If  the  two  functions  relating  to  condensation  and 
to  electrical  conduction  are  different,  then  their  thermal  varia- 
tions are  not  likely  to  be  the  same.  The  temperature  which 
insures  the  maximum  production  does  not  also  necessarily 
insure  maximum  instability.  The  results  of  the  following 
paper  bear  out  this  surmise. 

Again,  if  phosphorus  is  to  be  used  as  an  ionizer,  some  defi- 
nite Knowledge  as  ta  the  cause  of  its  variable  intensity  is  essen- 
tial from  a  practical  point  of  view.  The  substance  is  so 
remarkably  adapted  for  the  purpose  in  many  ways,  that  the 
endeavor  to  put  it  in  control  quantitatively  is  well  worth  while. 
This  too,  I  think,  has  been  accomplished. 

Finally  I  have  shown  that  the  low  numberof  ions(/i=2xl0* 
per  cubic  centimeter)  in  the  saturated  phosphorus  emanation, 
found  from  the  experiments  with  the  tubular  condenser,  is  due 
to  non-saturation.  1  have  been  able  to  nearly  double  this 
number,  putting  these  results  in  accord  with  the  data  of  plate 
and  spherical  condensers.  Incidentally  certain  curious  condi- 
tions under  which  the  emanation  produces  permanent  conduc- 
tion in  the  condenser  is  identified  with  the  occurrence  of  traces 
of  moisture.  This  behavior  so  closely  resembles  the  effects  of 
radio-activity,  that  the  extreme  caution  needed  before  such  a 
property  can  be  predicated,  becomes  apparent. 
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Volumetric  Comparisons. 

2.  Apparatus,— The  apparatus  to  investigate  the  relation  of 
the  emanating  activity  of  phosphorus  to  temperature  is  shown 
in  figure  1,  the  thermal  part  consisting  of  a  coil  of  thin  lead 
pipe  (^  inch  bore),  Z,  submerged  in  a  large  water  bath  of  cop- 
per, AB^  13^  hi^h,  15""*  broad,  and  20*^  long.  There  were 
21  turns  of  lead  pipe,  each  turn  6"°  in  diameter.  The  air  com- 
ing from  the  gasometer  train  by  way  of  a  desiccator  at  />,  and 
a  stop  cock,  E{iiue  screw  valve),  traversed  this  considerable 
length  of  slender  tubing,  fully  taking  the  temperature  of  the 
water  bath,  thereafter  to  be  discharged  into  the  central  straight 
pipe  of  brass,  ai,  1*2*^™  in  diameter,  containing  the  ionizers 
(not  shown).  The  charged  air  is  finally  conveyed  into  the 
influx  pipe  of  the  color  tube,  (7,  by  the  removable  short  neck, 
G,  A  thermometer,  tj  is  placed  in  the  water  bath ;  another 
may  be  inserted  into  the  end,  J,  through  a  perforated  cork,  so 
as  to  be  in  contact  with  the  ionizers. 

Care  was  taken  that  all  changes  of  temperature  should  be 
slow.  Thus  it  took  3  hours  for  the  temperature  to  rise  from 
5°  to  13°  in  the  following  experiments,  for  instance. 

The  ionizere,  as  usual,  were  strips  of  wire  gauze,  holding 
thin  pellets  of  phosphorus  between  them.  They  were  inserted 
into,  or  removed  from  the  tube,  ab  through  5.  If  saturation  is 
aimed  at,  an  excess  of  freshly  cut  phosphorus  surface  should 


Table  I. — Effect  of  the  temperature  of  phosphorus  on  its  emaDatioD. 

jet  method  :  p  =  4-5'='" ;  influx  air  at  27'*-28'. 


Steam 


B1  + 
Bl- 
Bl 
BI 
B1  + 
B1  + 
Bl 
Bl 
opaque 


102  X 

Color. 

d  V/dt. 
liter/ min 

e 

°C 

Bl» 

85 

27" 

B1  + 

110 

Bl 

100 

30-8 

90 

30-7 

Bl 

95 

28G 

100 

28-6 

Bl 

95 

25-2 

90 

25-2 

Bl 

80 

22-3 

90 
61 
90 
75 

115 
60 
60 
70 

100 


22  3 
18-8 
188 
18-8 
18-8 
13-2 
13-2 
13-3 
13-3 


Color. 


10« 
dV/dt 
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None 

None 

None 

Puffs  faint 

Puffs  strong, 
greenish 

Puffs  bluish 
Do 

Do.     No  perma-  ) 
nent  color         f 

Greenish  permanent 

Faint  y 
green. 

Blue  gray       280 
Bl-  350 

All  colors  came  out 
intensely  includ- 
ing opaque 


380 
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6 
7 
8-2 
86 
90 
9  3 
9-8 

10-2 

10-7 

10-9 

11-8 
122 

12-8 


10«x 

Color. 

dV/dt 
70 

e 

B1  + 

i2r 

Bl 

65 

12  8 

opaque 

80 

128 

Bl 

75 

130 

Bl 
opaque 

Bl 
B1  + 
Bl 
Bl 

B1  + 
Bl 
BI  + 
Bl 
Bl 


85 
105 

90 
110 

95 

90 
105 
100 
100 
110 

90 


176 
17-6 

31-3 
308 
306 
336 
324 
32  2 
35-3 
36'2 
349 


*B1,  blue:  B1  +  ,  dark  blue;  Bl — ,  light  blue;  yl,  yellow. 
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be  used.  This  was  only  done  when  specially  called  for  in  the 
present  work,  where  the  form  of  the  temperature  function  is 
the  chief  consideration. 

3.  Method  and  data, — The  usual  method  of  experiment  was 
adopted,  the  liters  per  minute  (d  V/dt)  of  saturated  phosphorus 
air  necessary  to  produce  the  fiducial  blue  of  the  color  tube, 
bein^  observed  at  different  temperatures.  The  data  are  given 
in  Table  I,  in  the  first  part  of  which  observations  for  falling 
temperature,  and  in  the  second  for  rising  temperature,  are 
recorded.  The  pressure  of  the  steam  jet  was  about  j9=4  to 
6"".  The  inflowing  air  showed  a  temperature  of  27°  to  28°. 
The  table  contains  some  other  colors  (including  opaque)  for 
orientation. 

The  chief  data  of  the  table  are  reproduced  in  the  chart 
figure  3  (p.  334)  and  show  the  sudden  cessation  of  reaction  at 
12^-13°. 

4.  Discussion, — For  the  sake  of  preliminary  comparisons 
with  the  corresponding  electrical  charts  given  below,  it  is  well 
to  lay  off  l/{dV/dt)  in  its  variation  with  temperature :  for  this 
reciprocal  runs  parallel  to  the  concentration  of  the  emanation 
proaucing  the  color.  The  construction  is  given  in  figure  4,  in 
which  the  sudden  rise  of  activity  in  producing  nuclei  is  apparent 
at  13°,  and  the  subsequent  gradual  decline  thereafter  as  far  as 
examined,  is  again  manifest.  Anticipating  data  of  subsequent 
paragraphs,  I  may  add  that  the  maximum  ionizing  activity  is  at 
20°,  showing  the  two  thermal  relations  to  be  non-coincident. 

The  charts  show  in  the  first  place,  that  as  temperature  falls 
from  the  highest  admissible  values,  say  35°,  the  emanation  of 
phosphorus  actually  increases*  at  a  rate  of  about  2  per  cent  per 
fall  of  1°  C.  The  maximum  activity  occurs  at  about  13°,  and 
is  upwards  of  25  per  cent  greater  than  at  30°.  Between  12° 
and  13°,  however,  the  emanation  is  quenched  at  an  enormously 
rapid  rate,  falling  just  short  of  suddenness.  Practically,  there- 
fore, the  reaction  begins  at  about  13°,  with  full  if  not  greatest 
intensity. 

Below  12°,  the  emanation  is  insignificant  and  the  maximum 
permanent  colors  obtainable  are  faint  blue  grays,  even  when 
the  gasometer  flow  is  forced  to,  say  400  liters/minute.  There 
are  no  opaques.  Below  10°  there  were  no  permanent  colors 
discernable. 

5.  Here,  however,  and  slightly  above  and  below  this  tem- 
perature, definite  puffs  of  color  or  of  darkness  are  obtained 
immediately  after  opening  the  faucet  suddenly.  The  phe- 
nomenon may  be  repeated  indefinitely  by  closing  the  faucet 

*This  increase  maybe  due  to  the  gradual  thorough  desiccatioD  of  the  phos- 
phorus bj  the  dry  current  of  air.  These  grids  were  not  dried  preliminarily  over 
calcium  chloride. 


380     C.  Barua — Effect  of  Temperature  and  of  Moisture 

for  a  period  of  2-5  seconds  (longer  at  the  lower  temperatures), 
and  tnen  suddenly  opening  it  again.  The  puffs  are  at  first 
vaguely  recognized  at  about  8°,  or  even  below.  They  become 
more  markeu  as  temperature  rises.  They  are  still  marked  at 
even  12°,  when  the  fainter  colors  are  beginning  to  be  perma- 
nent. They  show  a  maximum  degree  oi  darkness  depending 
on  temperature,  beyond  which  they  do  not  increase  even  if  the 
cock  is  closed  indefinitely. 

From  a  theoretical  point  of  view  this  result  is  noteworthy. 
Below  the  reaction  temperature  (say  12'5°\  what  may  be  called 
the  vapor  pressure  of  the  reaction  is  a  aefinite  quantity,  but 
decreases  with  temperature  at  an  enormously  rapid  rate;  above 
the  reaction  temperature,  the  vapor  pressure  is  relatively  con- 
stant as  temperature  increases.  All  this  recalls  the  well 
known  analogy  appropriated  by  the  physical  chemist. 

Now  if  we  suppose  the  nuclear  velocity  to  be  a  relatively 
constant  quantity,  within  a  sKort  range  of  temperature,  while 
the  emanating  activity  decreases,  the  density  of  the  emanation 
formed  within  the  ionizer  will  clearly  diminish  as  temperature 
decreases  below  the  reaction  temperature,  however  long  the 
air  is  in  contact  with  the  ionizer.  Hence  the  color  of  the  puffs 
should  gradually  become  fainter  with  decreasing  temperature, 
as  actually  observed.  If  N  nuclei  are  produced  per  super- 
ficial square  centimeter  of  phosphorus,  \ik  be  the  corresponding 
average  nuclear  velocity  and  n  the  number  present  per  cubic 
centimeter,  N  =  hi.  Thus  n  depends  on  the  ratio  of  iVand  k. 
The  vapor  pressure  analogy  suggested  is  not  wholly  tenable 
inasmuch  as  nuclei  are  actually  absorbed  at  the  walls  of  the 
vessel  (tube  ab,  figure  1),  so  that  ]V  vanishes  with  n  in  the 
lapse  of  time.  Since  k  is  of  the  order  of  one  unit,  iTand  n 
may  be  regarded  as  about  of  the  same  order,  roughly  speaking. 
The  number  of  particles  generated  per  square  centimeter  of 
the  phosphorus  will  not  greatly  differ  from  the  number  present 
per  cubic  centimeter  of  tlie  emanation. 

6.  Above  the  reaction  temperature,  if  the  rate  of  production, 
N,  were  regarded  as  relatively  constant,  the  means  of  comput- 
ing the  increase  of  speed  of  the  nucleus  with  rising  temperature 
would  be  at  hand.     If  m  be  the  mass  of  the  nucleus  and  mk*/)t 

varies  as  absolute  temperature,  AryX\  =  V(^  +  273)/(^j+ 273). 
Turning  now  to  the  chart,  figure  3,  let  ^,=  30°  and  t^  =  20°. 
Then  X%/A*,  =  1'02,  whereas  the  chart  gives  A*yAr,  =  1'25. 
These  two  results  being  out  of  keeping  with  each  other,  the 
thermal  variation  of  k  is  insignificant  compared  with  the  cor- 
responding decrease  of  JV. 

7.  Data  for  low  temperatures, — After  finishing  the  electri- 
cal investigation  presently  to  be  discussed,  it  sieemed  desirable 
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to  corroborate  the  above  resnits  with  experimeats  made  near 
the  temperatnre  at  which  phospboms  becomes  active.  As  a 
whole  tbe  new  data  agreed  with  the  above  inferences.  It  was 
discovered,  however,  that  permanent  though  faint  colors  conld 
be  obtained  even  below  the  limits  stated  above  (13°),  by  very 
gradually  increasing  the  speed  of  tbe  charged  air  current  from 
zero  until  the  field  showed  tlie  limiting  coloration  for  the 
low  temperature  selected.  When  the  air  current  is  further 
increased,  however  slightly,  the  field  of  the  color  tube  at  once 
clears,  almost  with  a  naah.  It  is  thus  possible  to  "  blow  out  " 
the  emanating  activity  of  the  phoaphorns  with  a  current  only 
a  trifle  faster  than  the  one  which  produces  the  corresponding 


fig& 


color  maximum.  The  puffs  of  color  obtained  above  are  the 
same  phenomenon.  Below  13°,  opaque  did  not  occur.  At 
14°  the  fait  activity  was  accentuated. 

EHectrital  Comparisons. 
8.  Apparatus. — It  is  now  desirable  to  compare  these  data 
with  the  resnlte  obtainable  in  measuring  the  radial  currents 
when  the  tnbular  condenser  is  made  the  channel  of  communi- 
cation between  the  pipe,  ab,  of  the  water  bath,  figure  1,  and 
the  color  tnbe,  C.  In  other  words,  the  tubulure,  O,  is  now 
replaced  by  the  condenser,  K'K,  figure  2,  for  discharging 
ionized  air  mto  C,  by  fitting  the  tubulure  b  to  the  end  a  of  the 
ionizer,  figure   1.     Detaila  of  adjustment  are  given   in    my 
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earlier  papers.*  Tlie  slender  condenser,  KK^  was  effectively 
50^°^  long,  -32^"  in  internal,  and  •60^'°  in  external  diameter. 
The  inner  face  (surface  of  the  rod  cd)  is  charged  to  about  40 
volts.  The  tube  KK^  insulated  at  the  ends  from  the  rod,  is 
put  to  earth  at  E,  The  electrical  discharge  takes  place  radially 
from  rod  to  tube,  and  should  occur  only  when  the  emanation 
passes  in  the  cylindrical  shell  between  the  faces  (•14^  thick 
and  50°°  long)  entering  at  h  and  leaving  at  a.  It  is  diflBcult  in 
so  slender  an  apparatus  and  in  view  of  the  use  made  of  it  to 
avoid  conduction  through  the  insulators,  altogether,  particu- 
larly in  a  damp  atmosphere.  Hence  in  the  following  tables 
the  insulation  when  the  medium  is  ordinary  air,  is  given  ;  but 
even  if  ignored  it  will  not  probably  affect  the  relation  to  tem- 
perature. In  a  warm  dry  room  the  insulation  is  perfect,  and 
advantage  was  frequently  taken  of  this  observation. 

A  steam  or  water  jacket,  «/,  surrounds  the  condenser  for 
special  experiments.  §22.  Steam  enters  and  leaves  by  the 
tu  buhl  res,  8. 

9.  Method,— T!\\Q  method  consisted  in  reading  the  efflux 
volumes,  F,  at  the  gasometer  or  aspirator  bottle,  before  and 
after  the  series  of  electrical  measurements.  As  the  latter 
were  always  duplicated,  three  volume  measurements  were 
made  at  stated  times.  From  these  dV/dt  was  obtained  graph- 
ically. 

The  fall  of  potential  at  the  electrometer  (capacity  of  the 
latter  60*^"',  in  parallel  with  that  of  the  condenser,  39*")  was 
observed  at  intervals  of  15  seconds  apart.  Eight  readings  in 
two  series  were  made  between  the  volume  readings.  The 
initial  potential  being  about  41  volts,  and  equivalent  to  87  or 
80  scale  parts,  respectively,  each  scale  part  is  equivalent  to 
about  half  a  volt;  but  the  absolute  values  are  without  interest. 
As  usual,  care  was  taken  to  await  constancy  of  temperature  in 
the  water  bath. 

10.  Data.  -  In  the  following  Table  II,  the  time  of  observa- 
tion in  minutes,  ^,  the  reading  of  the  gasometer,  V^  m  liters, 
the  reading  of  the  electrometer  in  scale  parts,  «(zero  at  «=250), 
and  the  temperature,  ^,  of  the  water  bath  are  given  in  succes- 
sive columns.  In  the  second  and  third  columns,  moreover,  the 
rate  of  efflux  of  the  air,  d  V/dt^  in  liters/min.,  and  the  initial 
radial  electrical  currents  ds/dt  are  tabulated.  E,  is  the  initial 
potential  difference  in  volts. 

As  a  rule,  two  values  of  dV/dt  are  entered  for  each  tem- 
perature, one  for  a  moderate  current  of  about  '50  liter/min. 
through  the  condenser  and  the  other  for  the  stronger  current 
of  about  10  liter/min.  From  brevity,  an  example  of  these 
data  corresponding  to  a  single  temperature,  0  =  15'3°,  will  only 
be  given. 

♦This  Journal  (4),  xi,  p.  310,   1901 ;  PhiL  Mag.  (6),  vol.  i,  p.  672,  1901;  ibid. 
(6)f  a,  p.  40,  I9UJ ;  and  elsewhere. 
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Table  II. — Radial  currents  in  the  condenser.    Phosphorus  ionizer  at  different 

temperatures.     Example  of  method. 


Time,  t 

FxlO« 

dV/dt 

(mean)  s 

ds/dt 

e 

/7m  3ot 

70 

•27— r- 

min. 

16-3° 

9     30 

125 

12     30 

205 

0» 

163 

12  ' 

mm. 

15 

166 

30 

169 

45 

172 

13°^  30* 

280 

00  lit 
•83—^- 
rain. 

15-3° 

15     30 

460 

17     30 

610 

0» 

163 

27    * 
mm. 

16 

170 

30 

176 

45 

183 

II.  Discussion, — The  data  of  these  tables  might  be  con- 
structed without  further  reduction  in  a  graph  where  the 
abscissas  are  temperatures  and  the  ordinates,  ds/dt^  propor- 
tional to  the  radial  currents.  Two  curves  are  suggested,  one 
for  the  high,  and  another  for  the  low  velocity,  d  V/dt ;  but  in 
view  of  the  slightly  diflFerent  values  of  dV/dt  implied  in 
each,  it  is  better  to  reduce  to  two  volume  standands;  dV/dt 
=  '45  liter/min.  and  1*00  liter/min.  were  selected  as  most 
nearly  coincident  with  the  observations  as  a  whole.  The  reduc- 
tion was  made  compatibly  with  the  results  of  my  earlier  paper 
(1.  c),  linearly  from  two  values  of  d  V/dt  and  ds/dt  at  each 
temperature.  This  linear  relation  is  again  incidentally  shown 
in  tgure  5  at  about  19°.  The  slopes  of  these  lines  vary  with 
temperature. 

If  Q  be  the  chargje,  v<f  the  deflection,  C  the  effective  capacity, 
E  the  potential  difference,  A  the  factor  of  the  electrometer, 
Q=  CAs ;  i=dQ/dt=  CA'ds/dt,  where  i  is  the  radial  cur- 
rent.    Thus  i/Q=  {ds/dt)/ s.  M,^ 

For  the  initial  currents,  as  alone  measured  in  this  paper, 
one    may    always   assume    the    simple    exponential    relation 

^  =  ^0^""^'""^  or  *=  ^^e''^'''^*^  where  the  subscripts  zero 
refer  to  the  initial  charges,  deflections,  temperatures,  etc. 
Hence,  iJQfr='{ds/dt\/s^'=^  —  x^  is  an  appropriate  variable 
for  comparing  the   data.      This    may   also  be  computed   as 
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—  x=  (Z(Iog 8)/dty  but  the  approximate  method  of  computing 
da/dt  from  observations  15  seconds  apart  is  more  convenient. 

The  corrected  valnes  of  —  x  ={a8/dt)j8„  when  dV/dtia 
■45  and  1"00  liters  per  minnte,  respectively,  are jfiven  in  the 
graph,  figure  6.  Different  dots  correspond  to  diSerent  aeries. 
The  curves  are  smoother  than  the  uncorrected  resnlts  would 
have  been,  and  the  values  for  low  efflnx  are  naturally  more 
certain.  For  apart  from  instrumental  difficulties,  there  ie  at 
high  velocities  a  danger  of  interfering  with  the  temperatnre 
of  the  ionizing  phosphorus.  Swift  currents  are  not  so  easily 
cooled  in  the  water  bath  and  intense  action  of  the  ionizer  con- 
tributes its  own  temperature  error.  In  both  curves  the  con- 
duction of  the  insulators  prevents  the  curves  from  actually 
reaching  the  abscissa. 


'Q-  W  SO'  ^'  W  35^ 


12-  Contrast  with  the  color  data. — The  character  of  these 
curves  may  now  be  examined  in  comparison  with  the  color 
data  of  figures  3  and  4,  the  latter  being  specially  available.  In 
both  there  is  a  rise  of  activity  from  about  9°  through  a  maxi- 
mum, and  an  eventual  less  pronounced  decline  of  activity 
toward  35°;  but  in  their  details,  the  two  sets  of  cnrves  are 
very  different.  The  nuclei  of  figure  3  are  suddenly  produced 
in  maximum  concentration  at  about  13°  C,  as  suggested  by 
the  arrows  c  in  figure  6  et  seq. ;  thej-  then  decline  in  nnmber 
regularly  and  very  gradually  as  far  as  observed.  In  figure  6, 
however,  the  ions  show  a  gradual  increase  of  nnmber,  even  is 
far  as  20°,  after  which  their  number  also  falls  off  to  the  limits 
of  observation. 
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One  may  argne,  therefore,  that  the  nuclei  as  first  produced 
are  but  weakly  ionized  in  spite  of  their  maximum  condensa- 
tional activity.  As  temperature  rises,  the  latter  property  of 
the  nucleus  declines,  but  the  ionization  increases  as  far  as  about 
20°.  Thereafter  both  properties  decline.  As  the  number  of 
nuclei  decreases  from  the  reaction  at  13°  onward  with  increas- 
ing  temperature,  one  may  infer  that  the  ionization  increases 
with  temperature  ;  from  another  point  of  view,  that  the  ioni- 
zation increases  as  the  property  of  the  nucleus  to  induce  con- 
.densation  diminishes.  It  is  then  with  the  nearly  non-ionized 
nucleus  that  the  maximum  of  condensational  activity  resides, 
just  as  if  ionization  were  the  result  of  a  dissociation  or  a  dis- 
aggregation of  the  nucleus. 

13.  Electrical  experiments  repeated. — It  is  doubtful  whether 
the  color  experiments  can  be  much  improved.  These  results 
are  bound  to  lack  sharpness ;  but  the  electrical  experiments  are 
open  to  further  development  in  the  first  place  by  retaining  a 
constant  velocity  d  V/dt  throughout.  This  may  be  done  by 
inserting  a  second  stopcock,  i^' (not  shown),  to  check  the  air 
current  to  a  fixed  value,  even  when  F^  figure  1,  is  quite  open. 
In  the  second  place  the  weakly  ionized  emanation  at  low  tem- 
peratures should  be  tested  directly  as  to  its  condensational 
power.  One  may  inquire  whether  the  reduced  condensing 
power  of  the  positive  and  the  negative  ionizations  differ ; 
whether  at  a  given  temperature  definite  ionization  is  obtainable 
quantitatively,  etc. 

In  Table  III  results  obtained  by  the  same  method  as  above 
are  summarized  for  brevity.  The  volumes,  dV/dt{\\iQY%/mm.\ 
of  air  charged  with  phosphorus  emanation  traversing  the  con- 
denser, are  a  nearly  constant  quantity  in  view  of  the  second 
stopcock  already  mentioned.  0  is  the  temperature  at  which 
the  fall  of  potential,  ds/dt^  was  observed,  s  being  the  deflection 
in  scale  parts  of  the  electrometer  used  above.  The  condenser 
was  given  a  positive  and  a  negative  charge  alternately,  with 
the  outer  face  put  to  earth.  Four  readings  for  the  negative 
charge  were  included  between  similar  sets  for  the  positive 
charge.  The  conduction  of  the  insulators  is  given.  The  last 
column  contains  the  datum  a?  =—  {d8/dt\/s^. 

14.  Discussion. — The  initial  currents  (x)  are  shown  in  the 
graph,  figure  7.  As  a  whole  the  results  are  much  more  defi- 
nite than  in  figure  6,  seeing  that  no  reduction  for  volume  dif- 
ferences is  now  needed.  Though  there  is  a  small  difference 
between  the  currents  corresponding  to  the  positive  and  the 
negative  charges,  this  difference  lies  within  a  scale  part  and 
may  be  taken  as  an  error  of  observation.  The  position  of  the 
maximum  of  nuclei  is  again  shown  at  c.  The  range  of  the 
new  data  after  deducting  the  error  in  insulation  is  smaller  than 
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Tablk  III. ^Radial  curreots  in  the  condenser.     Phosphorus  ionizer  at  different 

temperalurea.     ^o  =  41  volts.      So  =  ''S. 


e,  etc. 

dV/dt 

da/dt 

So/So 

mlation 

•00 

3-6 

•05 

14-0° 

•48 

—   5-5 

+  •07 

14-0 

•49 

—   6^0 

-•08 

16-4 

•48 

+  13-3 

+  •18 

16-4 

•48 

—  14^0 

—  •19 

19^8 

•48 

+  18^0 

+  •25 

J9-8 

•48 

—  180 

—  •25 

22-8 

•48 

+  16-5 

+  •23 

22-8 

•48 

-17-0 

—  •23 

2G-6 

•48 

+  15-5 

+  •21 

26-5 

•47 

150 

—  •21 

30-'7 

•48 

+  13-8 

+  •19 

30-7 

•47 

—  145 

—  •20 

34-9 

•48 

-f-12^8 

+  •18 

34-8 

•48 

—  130 

—  •18 

above,  a  circumstance  presently  to  be  considered  and  attribut- 
able to  moisture  and  leakage  errors,  or  in  general  to  the  neces- 
sarily unsaturated-  condition  of  the  ionization  within  the 
condenser. 

Moreover  the  form  of  figure  7  diifers  from  figure  6  and  has 
approached  more  nearly  to  the  color  results  of  figure  4.  The 
maximum,  however,  is  still  near  20%  so  that  the  inferences 
above  on  the  earlier  appearance  of  the  nuclei,  is  sustained. 

15.  Permanent  conduction  produced  by  the  emanation. — 
At  this  stage  of  my  work,  I  encountered  a  peculiar  and  puz- 
zling series  of  phenomena  which  were  not  noticed  in  my  earlier 
work,  probably  because  the  room  temperature  was  purposely 
kept  high  and  the  atmosphere  dry.  After  the  air  was  passed 
over  phosphorus  freshly  put  into  the  tube  aft,  figure  1,  the 
condenser  receiving  the  emanation  was  thereafter  found  to 
remain  pe?'manendy  conducting  even  with  the  air  current  shut 
oflF,  precisely  as  though  it  had  itself  become  radio-active.  This 
conduction  was  relatively  so  enormous  that  the  electric  cur- 
rents could  not  be  measured  by  the  same  electrometer  and  the 
occurrence  of  an  internal  metallic  contact  or  break  in  the  insu- 
lation was  immediately  suggested.  I,  therefore,  overhauled 
the  condenser  carefully,  inserted  an  internal  bushing,  replaced 
the  internal  rod  by  a  new  one,  etc.,  all  without  effect.  The 
condenser  showed  good  insulation  after  putting:  it  together, 
but  became  a  conductor  after  the  passage  of  the  first  phos- 
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phorus  emanation.     Permanent  leakage  due  to  dislocation  of 
the  solid  parts  was  thns  out  of  the  qnestion. 

This  conduction  vanished  over  night.  It  was  reproduced  as 
soon  as  fresh  phosphorus  air  passed  through  the  condenser. 
It  then  remained  permanent  though  gradually  diminishing  for 
hours,  and  was  nearly  gone  again  next  day.  Hence  two  causes 
are  suggested  :  either  a  film  of  residual  moisture  aspirated  off 
from  the  phosphorus  grid  (which  however  was  as  usual  care- 
fully dried  by  squeezing  in  a  press  between  folds  of  blotting 
paper,  and  then  exposed  to  the  air,  so  that  only  traces  of 
moisture  can  be  in  question)  was  precipitated  in  the  condenser 
to  the  detriment  of  the  hard  rubber  insulation ;  or  else  some 
form  of  emanation  given  off  from  the  phosphorus  made  the 
condenser  radio  active.  Incidentally  I  may  advert  to  the 
extreme  caution  needed  before  such  radio-activity  can  be 
assumed,  the  behavior  in  both  cases  being  essentially  alike. 

Warming  the  condenser  seemed  to  be  useless.  Moderate 
amounts  of  dry  air  (say  7  liters  flowing  out  in  about  10  minutes) 
passing  over  the  phosphorus  were  nearly  ineffective.  It  was 
no  remedy  to  remove  tiie  phosphorus  and  pass  dry  air  alone  in 
the  forward  direction.  Separating  the  condenser  from  the 
water  bath  did  not  change  its  conduction.  Thus  I  found,  for 
instance,  for  the  condenser  alone  and  free  from  air  current, 
ds/dt  =  33  ;  an  hour  later,  da/dt  =  25  ;  next  day  ds/dt  =  7  ; 
good  insulation,  ds/dt  —  2. 

At  5  =  30°  (water  bath  temperature),  the  tendency  of  the 
condenser  to  conduct  permanently  was  at  flrst  accentuated  but 
soon  completely  wiped  out.  The  electric  current  reached  a 
normal  value.  This  appeared  so  much  like  a  moisture  error 
that  I  further  teated  it  by  passing  the  air  current  backwards, 
through  the  condenser  first  and  then  over  the  phosphorus  into 
the  atmosphere,  in  this  way  drying  both  parts.  Insulation  of 
the  condenser  was  thus  at  once  restored.  Again  on  passing  a 
considerable  volume  of  dry  air  (say  15  liters,  slowly)  over  the 
phosphorus,  this  too  lost  its  power  to  make  the  condenser 
permanently  conducting.  Hence  in  the  experiments  of  the 
following  table  the  phosphorus  was  first  dried  in  this  way  in  a 
current  of  dry  air.  The  work  then  progressed  smoothly,  show- 
ing the  relation  of  the  emanating  activity  of  phosphorus  to 
temperature  in  a  new  light. 

I  may  add  again  that  in  none  of  my  earlier  experiments 
were  like  discrepancies  encountered.  Possibly  a  corroded 
copper  grid  may  be  hygroscopic,  something  like  platinum 
black. 

16.  Specially  jif^ied  phosphorus  grids. — In  Table  IV,  0  is 
the  temperature  of  the  water  bath,  d  V/dt  the  volume  of  dry 
air  in  liters  passed  per  minute  over  the  phosphorus  :  ds/dt  is 
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the  corresponding  initial  radial  electric  current  in  the  con- 
denser in  arbitrary  units,  when  the  potential  difference,  JF„  is 
about  40  volts  and  the  initial  deflection,  8^^  as  stated.  In  both 
cases  the  insulation  of  the  condenser  in  the  absence  of  the  air 
current,  is  measured  for  each  temperature.  This  is  then 
deducted  and  the  corrected  electrical  currents  tabulated.  In 
Table  IV,  on  the  left,  a  channeled  hard  rubber  bushing  guards 
(unnecessarily  as  it  afterwards  proved)  against  metallic  contact 
of  the  core  and  envelope.  In  the  data  on  the  right  this  has 
been  removed.  Tlie  phosphorus  in  both  cases  is  dried  pre- 
liminarily, as  stated,  by  a  current  of  dry  air  from  the  desiccator, 
entering  the  condenser  first  and  passing  thence  over  the  phos- 
phorus grid  into  the  atmosphere.  The  last  columns  give 
the  currents  {d8/dt)j8^  =^oAo  =  %/Q^^  supposing  that  initially 
Q=  Q^  e-a<<-'o)  as  stated  in  §l;i. 

Table  IV. — loDiziug  activity  of  dried  phosphorus.     Eq  =  41  volts.      ««=  73-5. 

dV/dt  =  'b2  litors/min. 

B  ds/dt  so/so  0  ds/dt  ha/so 

19-2°  6  -09  25-8°  7  -10 

180  4  -06  21-2  7  -10 

16-5  4  -05  20-0  9  -12       • 

15-0  0  -00  Ift'S  9  -12 

17-8  8  -12 

16*8  6  -08  16-6  8  -11 

18-2  II  -15  15-5  6  -08 

19-2  13  -18  14-0  2  -03 

20-6  13  -18  13-3  1  -91 

22*4  ]2  -16  Color  experiments  made  at 

27-2  10  -14  13-5°   (here)  showed  blue 

33-8  9  -12  equivalent  to  -8  lit./min. 

After    the    color   experi- 
ments,   for  dV /  dt=  -93 
lit  /  rain,  results,  were    as 
"^ • '  follows  : 


Channelled  hard  rubber  bush-         14-0  4  'OC 

ing  in  condenser.  14*0  4  '06 

Bushing  removed. 

17.  Di8GU88ion, — The  results  of  Table  IV  are  shown  graph- 
ically in  figures  8  and  9,  where  the  currents  {d8/dt\/8^  are  as 
usual  the  ordinates.  In  a  general  way  the  character  of  figures 
6  and  7  has  been  preserved,  inasmuch  as  there  is  maximum 
ionization  at  about  20°  :  but  the  details  of  behavior  are  again 
different.  In  the  first  place  the  scale  of  the  phenomenon  is 
gradually  reduced  as  the  emanating  body  is  repeatedly  subject 
to  desiccation.  This  merely  means  deficient  phosphorus  sur- 
face, as  I  take  it. 
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There  is  no  certain  tendency  of  the  maximum  to  move  into 
smaller  temperatures  in  the  later  experiments.  Thns  when 
d  V/dt  =  -50,  nearly, 


Figure  6, 
Figure  'T, 
Figure  8, 
Figure  9, 


maximum  (<]fo/(f^),/«,  =-20  at  20** 

=  -20  19° 

=  -18  20** 

=  -12  19°. 


Whether  the  phosphorus  is  being  actually  consumed,   or 


whether  merely  a  superficial  change  is  in  question  will  be 
investigated  below ;  but  the  charged  air  current  is  gradually 
further  removed  from  saturation  and  will  continue  on  the 
decline  in  the  following  experiments.  Moreover  here  is  an 
explanation  of  the  differences  of   slope  shown  in  the  volu- 
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metric  and  electrical  curves  of  an  eariier  paper  (1.  c).  For  the 
degree  of  "  dryness"  reached  wliolly  determines  the  electrical 
curve  without  in  the  same  degree  influencing  the  volume 
curves,  as  will  presently  be  further  manifest. 

In  all  cases  tlie  dependence  of  the  electrical  results  on  tem- 
perature remains  quite  different  from  the  corresponding 
dependence  of  the  color  data  on  temperature.  Special  experi- 
ments made  at  the  end  of  Table  IV  with  identical  apparatus 
showed  strong  color  activity  at  13*6°,  viz  :  blue  corresponding 
to  '^Olit/min,  while  the  subsequent  electrical  measurements  at 
14°  (see  Table  VI)  reproduced  the  original  exceptionally  low 
conductions. 

The  position  of  the  phosphorus  grid  in  the  tube,  aJ,  of  the 
water  bath,  figure  1,  showed  an  effect  insuflScient  to  be  of 
moment  in  relation  to  the  phenomena  under  discussion.    Thus 

Rear  position,  furthest  from  end  a  and  condenser,  {d8/dt)j8^=z'i:^ 

(see  r,  figure  9). 
Front  position,  nearest  to  condenser,     {ds/dtj^/s^  =  '11  (see/, 

figure  9). 

• 

Nevertheless  there  is  nearly  one- third  more  saturation  when 
the  phosphorus  grid  is  nearest  the  condenser  than  when  remote, 
a  circumstance  which,  as  already  intimated,  makes  it  difficult 
to  investigate  saturation  in  this  way.  Any  connecting  tube 
between  ionizer  and  condenser  is  an  absorber,  particularly  if 
bent. 

18.  Corroborative  experiments  with  the  color  tube, — A  series 
of  experiments  were  now  begun  with  the  steam  jet,  to  ascer- 
tain  the  difference  between   the  character  of  the  emanation 
immediately  after  the  phosphorus  grid    has   been    prepared 
(without  preliminary  desiccation)  and  after  a  large  volume  of 
dry  air  (20  to  30  liters)  has  been  passed  over  it.     If  the  rela- 
tively enormous  currents  obtained  in  the  condenser  in  the  first 
instance  are  due  to  nuclei,  there  must  be  a  corresponding  result 
in  the  volume  per  minute  of  the  saturated  emanation  neces- 
sary to  produce  a  fixed  color  (blue)  in  the  color  tube.     The 
reverse  is  the  case,  as  will  be  seen  in  Table  V,  where  nuclei  and 
ion  production  are  in  a  measure  reciprocal  occurrences.     In 
other  words,  the  initial  enormous  conductions  are  accompanied 
by  an  abstraction  of  nuclei. 

Three  phosphorus  strips  were  as  usual  dried  in  press  between 
folds  of  bibulous  paper  and  then  exposed  to  air  for  some  time. 
They  were  then  inserted  into  the  tube,  aft,  of  the  water  bath, 
figure  1.  The  initial  (apparent)  ionization  as  tested  by  the 
condenser  was  invariably  too  intense  to  be  measurable.  The 
condenser  was  then  removed  and  a  short  tube,  G^  added  to 
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obviate  excessive  absorption  before  discharging  into  the  color 
tube. 

In  Table  V,  the  liters  of  dry  air  which  have  passed  over  the 
phosphorus  strips  are  given  under  Z.  The  successive  liters  of 
emanation  per  minute  toproduce  the  standard  blue  are  given 
in  the  third  column  {d  Vfdi) ;  the  fourth  gives  the  current 
(often  estimated)  when  the  emanation  passes  through  the  con- 
denser at  the  fixed  rate  of  -5  liter /mhi.^  selected  for  con- 
venience. 

Table  V.— Condensation  producing  activity  of  initial  *wet"  and  final  "dry" 
phosphorus  emanation.  Temperature  ^=  18°.  dV/dt  =  '5  lit/min.,  5o=73, 
for  condenser. 


Color,  etc. 

Insulation 
Bl 
Bl 


L 

0 

0 

6 

13 

20 

25 


dV/dt 
0 
1-70 
1-60 

1-43 
1-40 


d8/dt 


100 
15 


Remarks. 
Condenser  discharged  within  S"*' 

Condenser  discharged  within  lO'*® 
Current  estimated. 
Phosphorus  "  dry."    Insidation  6 
Ionization  constant.       «r^/5g='21 


Bl- 


Bl 
Bl 
Bl 
Bl 
Bl 

Bl 


0 
4 


8 
15 
20 


200 


9 


Another  experiment.     Grid  scoured.     Temperature  ST. 

I  Condenser  discharged  within  7"* 

Nuclei   insufficient  to  produce 

opaque. 
Opaque    now    attained.       Con- 
denser discharged  within  20"^ 
Current  estimated. 
Insulation  ds/dt=il^  nearly  per- 
fect. 
Ionization  constant.       s^/8^='lS 


115 


100 
90 

103 
90 
90 


21 


100 


The  first  part  of  Table  V  shows  definitely  that  when  the 
currents  are  too  large  to  be  even  estimated,  the  emanation 
needed  to  produce  the  standard  blue  is  larger  than  at  the  end 
of  the  experiment,  where  the  radial  currents  have  fallen  off  to 
their  small  fixed  value.  Thus  the  high  conduction  is  without 
nuclear  condensing  effect. 

In  the  second  part  of  the  table  the  volumes  are  nearly  con- 
stant except  at  the  beginning,  where  it  was  found  impossible  to 
obtain  opaque  or  even  full  blue,  whatever  volume  is  passed 
through  the  ionizer.  The  necessary  number  of  nuclei  was  not 
forthcoming.  As  in  the  preceding  table,  however,  less  than 
ten  liters  of  air  are  suflScient  to  dry  the  phosphorus  into  full 
activity  so  far  as  the  color  is  concerned,  whereas  the  conduc- 
tion still  retains  abnormally  large  values. 

Another  reciprocal  relation  is  shown  on  the  table.  dV/dt 
here  happens  to  be  unusually  large,  so  that  the  phosphorus  is 
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for  some  reason  weak  as  a  nuclei  producer.  I,  therefore, 
washed  and  scoured  the  surface  of  the  grid,  obtaining  the 
usual  order  of  values  in  the  second  part  of  the  table.  On  the 
other  hand,  the  currents  in  the  first  part  are  larger  than  those 
of  the  second  part.  Here  again,  therefore,  the  tendency  to 
produce  nuclei  reciprocates  in  intensity  with  the  tendency  to 
produce  ions,  or  better  to  produce  conduction  in  the  condenser. 
The  latter  is  facilitated  by  the  presence  of  traces  of  moisture, 
but  nuclei  are  not  so  produced. 

19.  Corroborative  experiments  with  damp  paper, — Another 
method  of  throwing  light  on  the  inquiry  will  be  a  comparison 
of  the  conduction  produced  in  the  condenser  by  air  passing 
over  damp  filter  paper  with  the  corresponding  case  of  air  pass- 
ing over  phosphorus. 

The  wet  paper  (omitting  the  data)  behaves  in  a  less  intense 
way  something  like  the  phosphorus.  The  rise  of  conduction, 
however,  is  gradual,  the  conduction  at  best  moderate  and  the 
return  of  the  condenser  to  the  original  degree  of  insulation 
relatively  rapid.  With  phosphorus,  the  conduction  after  the 
first  minute  or  so  has  risen  to  the  immeasurably  large  values 
and  when  the  air  current  ceases  the  condenser  shows  similar 
conduction.  Much  more  dry  air  is  needed  to  dry  the  con- 
denser and  the  phosphorus  to  normal  values  (fully  twice  as 
much  as  in  the  preceding  case).  Eventually  the  currents  also 
return  to  the  normal,  relatively  small  limit  and  the  insulation 
of  the  condenser  is  nearly  perfect  again. 

Qualitatively  the  two  phenomena  run  in  parallel ;  quantita- 
tively, they  are  enormously  diflEerent.  Inasmuch  as  the  paper 
is  obviously  wet,  whereas  the  phosphorus  grid  has  been  dried 
short  of  desiccation,  inasmuch  as  any  emanation  must  behave 
like  a  Water  evaporation,  I  think  that  the  volatile  body 
is  probably  of  the  nature  of  a  hydrophosphide.  Some  electri- 
cally active  substance  is  distilled  in  the  presence  of  moisture 
and  precipitated  in  the  condenser. 

20.  Corroborative  experiments  with  desiccators, — The  final 
test  made  to  detect  the  character  of  the  emanation  was  one  of 
direct  desiccation  over  chloride  of  calcium,  before  insertion. 
The  day  happened  to  be  damp  and  the  insulation  poor.  The 
experiments,  however,  are  none  the  less  definite. 

(1)  Phosphorus  dried  in  air  and  inserted  into  the  dried  tube 
of  the  water  bath,  aA,  figure  1 ;  the  condenser  was  at  once  dis- 
charged on  passing  the  air  current  through  it.  On  removing 
the  phosphorus  the  condenser  showed  too  large  a  leakage  to 
admit  of  the  measurement  of  current.  All  appurtenances  were 
now  dried  in  a  current  of  dry  air  and  the  final  insulation  deter- 
mined. 

(2)  The  phosphorus  grid  having  been  placed  for  about  15 
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minutes  in  the  desiccator  was  again  inserted  into  the  tube,  ab. 
The  current  now  obtained  was  ds/dt  =  37  ;  the  insulation 
proved  to  be  ds/dt  =  30.  Hence  the  current  due  to  ionized 
air  was  but  ds/dt  =  7,  an  abnormally  small  value,  indicating 
the  absence  of  moisture. 

The  phosphorus  grid  was  once  more  put  in  the  desiccator 
for  15  minutes.  After  replacing  it  in  the  water  bath  the  cur- 
rent observed  was  40  ;  the  insulation  27.  Hence  the  leakage 
due  to  ionized  air  is  here  ds/dt  =  13,  agreeing  with  the  usual 
order  of  ionized  values  above. 

Owing  to  the  unfavorable  condition  of  these  experiments, 
not  much  definiteness  was  to  bQ  anticipated  from  tnem  ;  but 
they  show  clearly  that  the  enormous  initial  emanation  from 
fresh  phosphorus  is  all  but  wiped  out,  relatively  speaking, 
after  the  phosphorus  has  been  dried  preliminarily  over  calcic 
chloride.  Whether  in  the  rigorous  absence  of  all  moisture 
phosphorus  would  cease  to  ionize  air,  remains  to  be  seen.  It 
is  also  a  question  whether  the  desiccation  over  calcic  chloride 
may  not  be  accompanied  by  detrimental  chemical  action,  refer- 
able to  the  chloride.  At  least  the  following  work  continues 
to  show  that  the  phosphorus  grid  repeatedly  treated  in  this  way 
continually  loses  strength  as  an  ionizer,  in  spite  of  the  inter- 
mediate submersion  in  water  to  keep  it  over  night. 

21.  .^^ect  of  prolonged  drying. — A  final  attempt  was  made 
to  see  if  after  continued  drying  over  calcic  chloride  the  ioniza- 
tion would  be  wiped  out  altogether.  The  following  table 
shows  this  to  have  been  unsuccessful.  The  room  was  favor- 
ably dry  and  warm  and  the  leakage  errors  in  the  condenser  not 
appreciable.  After  nearly  5  hours  the  potency  of  the  ionizer 
is  not  diminished  (see  figure  11).  It  has  rather  increased,  due 
possibly  to  the  attraction  of  traces  of  moisture  even  within  the 
permanently  dried  tube  of  the  apparatus,  figure  1.  An  extra 
tube  of  calcic  chloride  was  attached.  In  a  second  experiment 
the  temperature  effect  is  tested  for  this  specially  dried  phos- 
phorus. The  corresponding  graph  is  shown  in  figure  10,  and 
the  ionization  is  weaker  than  in  any  earlier  experiment. 
Nevertheless  the  results  show  maximum  activity  in  the  neigh- 
borhood of  20®,  though  even  at  12°  the  ionization  is  not 
quite  extinguished.  Tne  exceptionally  low  ionization  is  not 
accounted  for  except  as  due  to  deficient  phosphorus,  the  natu- 
ral result  of  long  continued  consumption. 

22.  jPromiscuous  experiments.  —  Having  investigated  the 
effect  of  the  temperature  of  the  body  of  phosphorus  on  its 
emanation,  I  next  purposed  to  ascertain  the  dependence  of  the 
emanation  itself  on  temperature.  This  could  be  done  by  sur- 
rounding the  condenser  by  a  steam  jacket  (shown  in  figure  2, 
jj ,'  Sj  Sj  being  the  influx  and  efiJux  pipes)  and  noting  the  effect 
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of  the  rise  of  temperature  of  nearly  100®.  After  repeated 
trials,  however,  1  found  that  the  high  temperature  so  far 
diminished  the  insulation  of  the  hard  rubber  bushings  of  the 
condenser,  that  no  measurements  would  be  trustworthy.  On 
cooling  the  condenser,  the  insulation  again  became  perfect 
Quartz  insulators  suggest  themselves  as  probably  alone  avail- 
able. 

23.  Comparison  of  old  and  new  grid^, — Trial  was  made 
with  freshly  cut  phosphorus,  the  grids  used  in  the  above  work 
being  as  much  as  a  year  old.  The  results  show  a  like  order  of 
values  for  both,  in  spite  of  the  intense  fuming  of  the  new 
grid.  Nevertheless  the  latter  is  apt  to  be  from  two  to  three  times 
stronger  than  the  old  grid.  Thus  after  thoroughly  drying  the 
new  grid  over  calcic  chloride  and  testing  it  at  21*5°,  the  data 
were 

dV/dt  =  -42,  {d8/dt)j8='20, 

•43,  =-20. 

Exposure  to  the  air  of  the  room  for  about  half  an  hour  after 
desiccation  was  without  effect. 

This  experiment  proves  that  the  air  in  all  the  earlier  experi- 
ments was  undersatnrated,  agreeing  with  an  earlier  paper  (1.  c) 
from  which  values  are  quoted  in  the  next  paragraph. 

24.  Older  data  compared  with  the  present  data, — It  is  finally 
worth  while  to  adduce  the  corresponding  data.  Table  VI,  of  an 
earlier  paper.  The  equivalent  colors  of  the  steam  tube  are  the 
yellows  and  crimsons  of  the  second  order.  The  temperatures 
are  20°-30°. 

Table  VI.  — Relevant  data  from  earlier  papers,  ^o=  40  volts. 

Color.                    Temperature,  ^.  1 0«  x  rf  Y/di        1 0*  x  {d8/dt)^/8^ 

Yellow,   30°  50  16 

Yellow,   - 30  65  17 

Crimson, 30  43  11 

Yellow-green, 21  50  13 

Yellow, 24  58  22 

CrimsoD, 24  42  14 

Clearly  then,  for  d  Y/dt  =  '43,  nearly,  the  order  of  values 
for  the  currents  is  the  same  here  (the  experiments  made  over  a 
year  ago  but  with  the  same  grids)  as  in  the  above  experi- 
ments. The  room  being  very  hot  insured  dryness  in  that 
work  without  preliminary  desiccation.  Large  volumes  of  dry 
air  were  passed  over  the  grids,  moreover,  for  colors  of  the  first 
order  were  principally  observed,  requiring  even  as  much  as 
3  liters /min,  per  observation. 

The  arrows  (??,  new  and  c?,  old)  in  figure  9  show  the  relation 
of  the  results  in  the  last  table  to  the  values  for  freshly  cat 
phosphorus  in  excess  given  at  the  beginning  of  paragraph  23. 
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Since  from  the  old  values  the  number  of  nuclei  was  computed 
as  7^=:2xl0\  the  new  values  would  make  them  approach 
n  =  4xlO*,  the  datum  found. with  plate  and  with  spnerical 
condensers  by  entirely  different  methods,  remembering  that 
from  the  occurrence  of  an  absorbing  influx  pipe,  the  air 
within  the  tubular  condenser  can  nowhere  be  quite  saturated. 

Experiments  on  the  maximum  number  of  nuclei  per  cubic 
centimeter  producible  by  phosphorus  under  favorable  condi- 
tions, were  made  at  some  length ;  but  as  they  yielded  no  new 
results  beyond  those  of  §  23,  they  ueed  not  be  instanced  here. 

25.  Conclusion  and  summary. — The  experiments  with  phos- 
phorus show  that  nuclei  adapted  to  condense  atmospneric 
moisture  are  produced  most  abundantly  at  about  13°  C.  feelow 
thip,  the  rate  of  production  decreases  with  enormous  rapidity 
(just  short  of  suddenness),  probably  ceasing  at  about  8°.  This 
holds  true  for  very  different  velocities  of  the  dry  air  passing 
over  the  phosphorus.  Above  the  reaction  temperature,  the 
activity  decreases  slowly  as  temperature  rises,  having  not 
decreased  more  than  25  pfer  cent  at  35°.  Since  the  phosphorus 
is  superficially  heated  by  the  reaction,  sharp  statements  are  out 
of  the  question. 

Below  13°,  the  opaques  of  the  color  series  are  absent  and 
the  maximum  tints  are  fainter  and  of  increasingly  higher 
orders.  The  strongest  permanent  color  may  be  approached  by 
very  gradually  increasing  the  charged  air  current.-  A  limiting 
velocity  decreasing  with  temperature  may  thus  be  reached, 
beyond  which  all  colors  vanish  and  the  reaction  is  quite 
"  blown  out,"  as  it  were.  Suddenly  opening  the  stopcock 
after  a  period  of  quiescence  shows  puffs  of  color  under  these 
conditions,  which  also  vanish  as  temperature  decreases  below 
13°.  Putting  Jf  =  kn^  where  iV^  is  the  number  of  particles 
generated  per  second  per  superficial  square  centimeter  of  phos- 
phorus, n  the  number  per  cubic  centimeter  of  the  ionized 
medium,  h  their  (average)  velocity  in  any  cardinal  direction, 
the  variation  of  If  is  to  be  ascribed  to  w,  k  being  relatively 
constant. 

In  contrast  with  the  color  data  (nuclei),  the  ionization  of  air 
passing  over  phosphorus  increases  with  temperature  to  a  maxi- 
mum at  about  20°,  after  which  there  is  a  less  pronounced 
decline.  This  ionization  is  not  an  arrival  comparable  in  sud- 
denness with  the  appearance  of  nuclei,  nor  are  the  maxima 
identical  as  to  temperature.  One  may  infer  that  the  nuclei  as 
first  produced  are  weak  in  ionization  but  of  normal  strength  in 
condensational  activity ;  that  thereafter  the  latter  property 
declines  because  (probably)  the  ionization  increases  as  far  as 
20°.  Finally  both  properties  decline.  This  reciprocity  is 
accounted  for  if  the  ionization  is  a  result  of  the  dissociation  of 
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nuclei.     The  degree  of  ionization  is  here  independent  of  the 
sign  of  the  charge. 

If  the  phosphorus  grid  is  not  preliminarily  quite  drj,  traces 
of  moisture  are  apt  to  escape  with  the  emanation  and  produce 
permanent  conduction  in  the  condenser.  Considerable  varia- 
tion of  the  electrical  cocflScients  may  thus  ensue,  though  the 
color  results  are,  relatively  speaking,  but  slightly  affected.  As 
the  electrical  discrepancy  seems  to  be  out  of  proportion  with 
the  quantity  of  moisture  present,  it  is  probable  that  the  ema- 
nation escapes  in  some  combination  with  it.  The  whole 
phenomenon  vanishes  on  thorough  desiccation  both  of  the 
phosphorus  and  the  apparatus.  Grids  frequently  treated  in 
this  way  show  a  gradually  decreasing  ionizing  intensity,  prob- 
ably due  to  the  continued  consumption  of  phosphorus  or  to  a 
removal  of  effective  surface.  Throughout  the  experiments  the 
relation  of  the  color  curves  to  the  electrical  curves  remains 
practically  unchanged,  in  spite  of  the  different  degrees  of  satu- 
ration (ionization). 

The  relatively  enormous  conductions  associated  with  non- 
desiccated  phosphorus  are  without  a  color  effect  when  tried  in 
the  steam  tube.  They  rather  give  evidence  of  an  abstraction 
of  nuclei.  Moreover  such  reciprocal  properties  are  manifest  in 
other  instances.  §  18.  Air  passed  over  damp  paper  behaves 
similarly  to  the  emanation  from  non- desiccated  phosphorus, 
with  a  difference  of  intensity  in  favor  of  the  latter.  Desicca- 
tion over  calcic  chloride  removes  the  incidental  conduction 
entirely.  The  emanation  may  thus  be  dried  to  a  limiting 
degree  of  ionization  which  is  not  then  further  reduced  on  dry- 
ing. In  practice  all  operations  should  be  made  with  desiccated 
phosphorus ;  otherwise  the  baffiing  discrepancies  encountered 
in  the  case  of  plate  and  spherical  condensers  may  be  antici- 
pated. 

By  using  freshly  cut  fuming  phosphorus  in  excess  in  the 
ionizer,  it  was  possible  to  increase  the  radial  currents  in  the 
condenser  to  nearly  twice  their  usual  value,  remembering  that 
the  emanation  within  the  condenser  is  in  all  parts  essentially 
unsaturated.  Hence  the  low  concentrations  formerly  found 
for  tubular  condensers  (2x10*  nuclei  per  cubic  centimeter)  is 
made  to  approach  the  value  found  from  plate  and  spherical 
condensers  (4X10*),  more  nearly. 

Brown  University,  Providence,  R.  I. 
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Art.  XXXVI, —  On  ike  Determination  of  the  Heatof  Diaaocia- 
tion  and  of  Combustion  of  Aoetylene,  J^ylene  ana  Methane ; 
by  W.  G.  MiXTBB. 

[CoDtrlbutioiig  from  the  Sbeffleld  Laboratorj  of  Yale  UniTersitj.] 

The  lieatof  formation  of  an  organic  compound  is  deduced, 
as  is  well  known,  from  its  beat  of  GombDstion.and  tbat  of  its 
conslitnente,  since  it  is  impossible  to  form  any  Iiydrocarbon 
under  conditions  at  wliicb  the  tberraal  efFect  may  be  measured. 
The   determination   of  the   beat   evolved   vrben    acetjiene  is 


decomposed  is,  however,  one  of  the  easiest  of  calorlmetric 
'experiments,  giving  at  once  the  heat  of  combination,  as  the 
thermal  change  of  dissociation  equals  that  of  combination. 
Moreover,  it  is  probable  that  the  direct  incasnrement  of  the 
change  is  less  liable  to  error  than  the  indirect  method,  which 
involves  bnrning  the  gas.  The  thermal  effect  of  the  dissocia- 
tioD  of  other  hydrocaroon  gases  may  be  found  by  mixing  them 
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with  sniBcient  acetylene  to  effect  when  exploded  complete 
decomposition.  The  heat  foand  less  that  dae  to  the  acetylene 
eqnals  the  heat  of  dissociation  of  the  compound.  The  method 
is  open  to  the  objection  that  the  errors  are  camulativa 

The  apparatus  used  in  the  work  is  shown  in  fig.  1.     The 
outer  double-walled  vessel,  J,  J,  called   for  convenience   the 
jacket,  contains  20  liters  of  water,  which  may  be  stirred  before 
an  experiment  by  the  screw  propellers.     The  tin  vessel,  A,  A, 
separates  the  calorimeter  from  the  jacket  by  two  air  spaces. 
The  calorimeter   vessel   is  tinned   iron.      The  top  of  it  was 
imperfectly   covered   by   a   thin  sheet   of  celluloid   and  was 
exposed  to  the  air  of  the   room.     The  steel  bomb  B  has  a 
capacity  of  602",  weighs  about  1900  grams,  and  is  supported 
by  a  bar  of  wood  resting  on  the  top  of  the  calorimeter  case. 
It  was  silver-plated  to  prevent  rusting  and  the  silver  on  the 
interior  surface  was  covered    with  a  thin    plating    of   gold. 
After  the   explosions  of  acetylene  the  inside  plating  showed 
minute  perforations  with  projecting  edges,  owing  doubtless  to 
enclosed  particles  of  plating  solution   which  gave  oflf  steam 
when  heated,  as  electro-plate  is  known  to  shut  in  minute  parti- 
cles of  solution  which  are  not  removed  by  washing  or  drying. 
The   explosions   of  a  mixture   of   acetylene  or  ethylene  and 
oxygen  dulled  the  surface  of  the  gold  and  gradually  removed 
the  metal  in   the  state  of  fine  powder.     The   explosions  of 
acetylene  were  noiseless,  while  those  of  mixtures  of  oxygen 
gave  a  distinct  report,  threw  the  water  against  the  cover  and 
loosened    the    screws    at  the  top  and  bottom  of   the  bomb. 
Ignition  was  attained   by  electric  sparks   between  a  strip  of 
platinum  foil  connected  with  the  bomb  and  a  platinum  wire,  E, 
insulated  by  a  piece  of  clay  pipe  stem  projecting  into  the  bomb 
and  a  glass  tube  in  the  steel  tube,  D.     The  foil  was  commonly 
melted  and  the  wire,  which  was  1  J"°*  thick  and  extended  into 
the  bomb  several  millimeters,  was  bent  by  the  detonations  of 
acetylene  and  oxygen.      The  mean  of   five  accordant  calori- 
metric  determinations  of  the  water  equivalent  of   the  bomb 
and  calorimeter  can  was  250  grams.     The  error  is  probably  too 
small  to  affect  the  results  in  the  fourth  figure,  since  the  weight 
of  the  apparatus  times  the  specific  heat  of  iron  is  262  with  no 
allowance    for    the    small   amounts  of   other  metals  present 
Upon  changing  a  fitting  on  the  bomb  the  number  252  was 
adopted.     A  differential  thermometer  graduated  to  hundredths 
of  a  degree  was  used.     It  was  found  to  agree  with  a  normal 
thermometer  and  one  graduated  to  tenths.     The  zero  of  the 
differential  thermometer  was  not  changed  during  the  work  and 
corresponded  to  16*4°  of  the  normal. 

In  none  of  the  experiments  was  any  measurable  quantity  of 
acetylene  found  in  the  gas  remaining  after  an  explosion  and  in 
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most  of  them  not  a  trace  was  detected.  The  pressures  used 
were  higher  than  those  at  which  the  gas  was  exploded  in 
earlier  experiments,*  when  several  per  cent  of  acetylene  was 
found  after  exploding.  Whether  the  different  result  in  this 
respect  is  due  solely  to  pressure  or  to  other  causes,  the  writer 
has  not  had  time  to  investigate.  In  order  to  find  if  the  acety- 
lene decomposed  in  the  calorimetric  bomb  without  formation 
of  hydrocarbons,  the  following  tests  were  made.  The  gas  in 
the  bomb  after  an  explosion  was  passed  through  a  solution  of 
potassium  hydroxide  to  remove  nydrocyanic  acid  and  then 
burned.  No  carbon  dioxide  was  revealed  by  lime  water. 
2*4  grams  of  carbon  from  the  acetylene  exploded  in  the  bomb 
were  heated  in  a  combustion  tube  through  which  a  current  of 
dry  air  was  passed  to  remove  moisture.  The  combustion  was 
then  made  in  the  ordinary  way  with  oxygen  and  copper  oxide. 
The  result  was  0'016  per  cent  of  hydrogen.  This  amount  may 
be  due  to  the  error  of  the  analysis.  These  results  show  that  in 
Uie  calorimetric  experiments  the  acetylene  decomposed  com- 
pletely into  hydrogen  and  carbon. 

The  composition  of  each  sample  of  gas  used  was  determined, 
and  the  amount  taken  was  calculated  from  the  capacity  of  the 
bomb  or  was  found  by  weighing  the  bomb  before  and  after 
filling :  when  hydrocyanic  acid  was  estimated  in  the  residual 
gas  an  equivalent  quantity  of  acetylene  was  deducted  from 
that  taken.  As  a  rule,  the  description  of  the  many  details 
involved  in  finding  the  amount  of  gas  used  for  an  experiment 
are  omitted.  Since  the  accurate  determination  of  differences  in 
temperature  is  the  most  difficult  problem  in  calorimetry,  the 
observations  are  stated  in  detail.  The  water  in  the  calorimeter 
was  stirred  by  the  small  screw  propellers  shown  in  the  figure, 
driven  by  a  motor.  The  observations  of  temperature  were 
recorded  at  intervals  of  three  minutes,  and  that  noted  imme- 
diately before  explosion  is  taken  for  the  initial  temperature,  no 
correction  being  made  for  slight  changes  preceding.  The  final 
temperature  assumed  is  that  observed  the  sixth  minute  after 
explosion  plus  five-sixths  the  average  fall  in  temperature  for  a 
subsequent  six  minutes.  The  reason  for  not  allowing  for  loss 
of  heat  during  the  first  minute  is  this :  the  water  of  the  calori- 
meter did  not  attain  the  maximum  temperature  observed  until 
one,  two  or  sometimes  three  minutes  after  the  explosion,  and  it 
is  less  accurate  to  consider  that  as  much  heat  is  lost  by  the 
calorimeter  in  the  six  minutes  immediately  following  explosion 
as  in  the  next  six.  It  is  possible  the  corrections  made  are 
excessive,  but  any  error  in  this  respect  is  small  as  the  correc- 
tion in  but  a  few  instances  amounted  to  one  per  cent,  and 
in  most  of  the  experiments  it  was  less  than  half  as  much. 

♦This  Journal,  ix,  1,  1900. 
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The  resnlts  are  given  for  gram  molecoles  and  1  and  12  are 
taken  for  the  atomic  weights  of  hydrogen  and  carbon  respec- 
tively. No  corrections  are  made  for  water  vapor  or  nitric  acid 
remaining  after  explosion,  as  these  would  only  change  the  sixth 
figure  of  the  results. 

Acetylene, 

The  acetylene  gas  was  made  by  thrusting  lumps  of  calcium 
carbide  into  water  in  a  glass  gas  holder.  By  means  of  ferrous 
hydroxide  it  was  freed  from  traces  of  oxygen.  Thus  prepared 
the  gas  contained  from  1  to  3  per  cent  of  nitrogen.  It  was 
dried  before  pumping  into  the  bomb  by  passing  it  through  a 
kilo  of  small  sticks  of  potassium  hydroxide.  The  oxygen  used 
was  made  from  chlorate  and  was  kept  over  water  containing  a 
little  sodium  hydroxide. 

Exp^mment  1, — Acetylene,  7*24  grams,  gave  too  great  a  rise 
of  temperature  to  be  measured  by  the  differential  thermom- 
eter. Accordingly  the  thermometer  graduated  to  tenths  of  a 
degree  was  used  in  the  calorimeter.  The  result  was  51,900 
calories  for  26  grams  of  acetylene. 

Experiment  ^. — Acetylene,  5*488  grams;  temperature  of 
jacket  2*7°  by  the  differential  thermometer  used  in  the  calori- 
meter.    The  residual  gas  was  free  from  acetylene. 

Water  in  calorimeter,  3000  grams. 
Water  equivalent  of 

calorimeter,  250      " 


Minutes. 

Temperatjire. 

0 

0-285 

3 

0-290 

6 

0-295 

9 

3-740 

12 

3-730 

15 

3-709 

18 

3-696 

21 

3-682 

3250       " 
Temperature  interval, 

3-73  —  0-295  -h  0-027  =  3-462' 


Multiplying  this  temperature  interval  by  3,250  and  by  the 
ratio  of  26  to  the  mass  of  the  substance  taken  we  deduce  for 
26  ^rams  of  acetylene  53,300^ 

Ecperimeiit  3, — In  this  experiment  the  bomb  leaked  after 
charging  with  acetylene.  Hence  it  is  better  not  to  record  the 
calorimetric  result  although  it  accorded  fairly  with  the  other. 

Experiment  -J. — Acetylene,  6*493  grams  ;  jacket,  3*4°.  The 
residual  gas  did  not  contain  acetylene. 

Water  and  water  equivalent  of 
calorinaeter,  3250  grams. 

Temperature  interval, 

4-1 14  — 0027  + 0-018  .•=  i-105^ 


MiDutes. 

Temperature. 

0 

0-0 

3 

o-oi 

6 

0-02 

9 

0-027 

12 

4-110 

15 

4114 
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Minutes. 

Temperature. 

18 

4-100 

21 

4-090 

24 

4-080 

27 

4-070 

Reducing  as  before  tbe  resulting  value  is  53,400^ 
Experiment  5. — Acetylene,  6'3829  grams  ;  jacket,  4 ;  room, 
4'5°.     The  residual  gas  contained  too  small  a  quantity  of  acety- 
lene to  measure. 


Water  and  water  equivalent  of 
calorimeter,  8250  grams. 


Miuutea. 

Temperature. 

0 

0-45 

3 

0-47 

6 

0-49 

9 

0-51 

12 

3-892 

15 

3  887 

18 

3-880 

21 

3-875 

24 

3-875 

27 

3-870 

30 

3-865 

Temperature  interval, 

3-887  —  0-51  +0-007  =  3*384° 


The  resulting  value  is  53,200^ 

Experiment  6. — Acetylene,  4*043  grams ;  jacket,  3*6°.     The 
residual  gas  was  free  from  acetylene. 

Water  and  water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

8-645  —  1-097 +  0004  =  2-552^ 


Minutes. 

Temperature. 

0 

105 

3 

1-07 

6 

1-083 

9 

1-097 

12 

3-649 

15 

3-646 

18 

3-642 

21 

3-640 

The  resulting  value  is  53,300*. 

Omitting  experiments  1  and  3,  the  following  are  the  results  of 
the  determinations  of  the  heat  evolved  on  exploding  acetylene : 

53,300 
53,400 
53,200 
53,300 

The  average  is  53,300*^  for  26  grams  and  2050^  for  1  gram  of 
acetylene.  ^ 

Experiment  7, — The  bomb  with  a  capacity  of  602^"^  was  filled 
with  dry  gas  (97*4  per  cent  by  volume  of  acetylene)  at  20*7° 
and  756"".     The  calculated  weight  of  this  volume  of  acetylene 
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is  0*6342  gram.     Kather  more  dry  oxygen  was  added  than 
required  for  complete  combustion. 


Minutes.        Temperature. 


0 

0-935 

3 

0-943 

6 

0-950 

9 

3-270 

12 

3-264 

15 

3-260 

18 

3-254 

21 

3-250 

Water  and  water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

3-264  —  0-95  +0-007  =  2-321*' 


The  resulting  value  is  309,400^ 

Experiment  8. — The  bomb  filled  as  before  contained  0*6527 
gram  of  acetylene.     Jacket  1*6°. 

Water  and  water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

2-762  — 0-36 +  0007  =  2-409'' 


Minutes. 

Temperature. 

0 

0  340 

3 

0-350 

6 

0-360 

9 

2-750 

12 

2-762 

15 

2-760 

18 

2-756 

21 

2-750 

24 

2-743 

The  resulting  value  is  312,100^ 

ExpeHment  9. — The  bomb- was  filled  as  for  experiments  7 
and  8  with  dry  oxygen  and  acetylene  and  contained  0*6456 
gram  of  the  latter  gas.     Jacket,  2*6°. 

Water  and  water  equivalent  of 
calorimeter,  3252  graras. 

Temperature  interval, 

3-5  —  1-113  +0-012  =  2-399" 


Minutes. 

Temperature. 

0 

1-109 

3 

l-lll 

6 

1-113 

9 

3-502 

12 

3-500 

15 

3-490 

18 

3-482 

21 

3-476 

24 

3-470 

The  resulting  value  is  313,700^ 

The  mean  of  the  three  determinations  of  the  heat  of  com- 
bustion of  acetylene  is  311,700*^  and  of  the  last  two  it  is  312,900° 
at  constant  volume  and  313,800^  at  constant  pressure. 

Before  discussing  the  foregoing  results  reference  must  be 
made  to  the  heats  of  combustion  of  hydrogen  and  amorphous 
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carbon.  Thomsen*  made  three  determinatioDS  of  the  heat  of 
combn^tioD  of  hydrogen  in  which  18,928  grams  of  water  were 
prodaced,  and  obtained  as  the  mean  68,357^  BertheIlot*and 
Matignonf  adopt  as  the  resalts  of  their  experiments  the  num- 
ber 69,000.  Thomsenl  used  the  number  96,960  for  CO, 
obtained  by  Farve  and  Silbermann,§  and  BerthelIot||  found 
97,650^  Thomsen,  and  Farve  and  Silbermann  made  the  com- 
bustion slowly  at  atmospheric  pressure,  while  Berthellot  made 
them  almost  instantly  in  his  bomb.  The  former  worked  with 
large  quantities  and  the  latter  with  small,  in  case  of  hydrogen 
witn  about  23  milligrams.  Berthellot's  results  are  somewhat 
higher  than  the  others.  The  sum  of  the  heats  of  combustion  of 
the  components  of  acetylene  is,  according  to  Thomsen,  262,277^, 
to  Berthellot  264,300°.  The  former^"  found  for  the  combus- 
tion of  acetylene  SlOjOSO''  and  the  latter**  315,700*^  at  constant 
Eressure.  The  writer's  result  is  313,800^  Thomsen  made  the 
eat  of  formation  of  acetylene  —47,770^  If  we  calculated  it 
from  Berthellot's  figures  it  is  — 51,400*^. 

Ethylene, 

The  ethylene  gas  was  prepared  by  the  action  of  zinc  on  pure 
ethylene  bromide  dissolved  in  alcohol.  It  was  freed  from 
oxygen  by  ferrous  hydroxide  but  contained  several  per  cent  of 
hydrogen  gas  and  doubtless  a  little  nitrogen.  It  was  dried  by 
sulphuric  acid. 

Experiment  10, — Gas  containing  93*7  per  cent  by  volume  of 
ethylene,  602""  at  18-5°  and  748°'™  pressure  eq^ual  to  0*655  gram 
of  ethylene ;  acetylene  added  4*828  grams ;  jacket  1*4°.  The 
gas  after  explosion  was  free  from  hydrocarbons. 

Water  and   water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

4-362  —  1-22  +0-026  =  3-168° 


Minutes. 

Temperature. 

0 

1-22 

3 

1-22 

6 

1-22 

9 

4-329 

12 

4-362 

15 

4-343 

18 

4-330 

21 

4  314 

24 

4-300 

The  thermal  result  is  10,300^ 

The   heat   of  dissociation    of  4-828   grams   of  acetylene   is 
9,900  calories;  subtracting  this  from  10,300  we  have  400  calories 

* Thermochemische  Untersuchungen,  ii.  52.       f  Ann.  Ch.  Phy.  fS],  ixx,  553. 

(Thennochemische  [Jntersiichungen.  ii.  283.     §  Anu.  Ch.  Phys.  [3j,  xxxiv,  357. 
Ann.  Ch.  Phys.  [6],  xviii,  89.       ■[  Thermochemische  Unteraucluiogon,  ri,  74. 
«*  Ann.  Ch.  Phys.  [6],  xxx,  556 
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due  to  the  0*655  gram  of  ethylene.     These  data  give  17,000 
calories  for  the  heat  of  dissociation  of  28  grams  of  ethjlpne. 

Etcperiment  11. — The  mixed  gases  used  contained  0*707 
gram  of  ethylene  and  4*091  grams  of  acetylene.  The  gas 
after  explosion  was  freed  from  hydrocarbons.     Jacket,  1*6°. 


Water  and  water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

4-581  —  1-88  +0*026  =  2*726*" 


Minutes. 

Temperature. 

0 

1-88 

3 

1*88 

6 

1*88 

9 

4-618 

12 

4-581 

15 

4-568 

18 

4*550 

21 

4-534 

24 

4-520 

These  data  give  ISjOOO'^  for  the  heat  of  dissociation  of  ethy- 
lene. 

Experiment  i^.— The  bomb  contained  1*952  gram  of  ethy- 
lene and  5*045  grams  of  acetylene.  The  gas  after  explosion 
was  free  from  hydrocarbons.     Jacket,  0°  ;  room,  0*35®. 


Water 3200 

Water  eq.  of  calorimeter,     252 


Minutes. 

Temperature. 

0 

0-470 

3 

0-470 

6 

0-470 

9 

3-690 

12 

3-660 

14 

3-649 

17 

3-628 

20 

3-604 

23 

3*587 

26 

3-569 

29 

3-550 

3452  grams. 
Temperature  interval, 

3-66  —  0-47  4-0*032  =  3-222"* 


3452  .  3-222  =  11,122  calories. 


From  these  data  we  deduce  for  the  heat  of  dissociation  of 
28  grams  of  ethylene  11,200"^  at  constant  volume  and  10,600*^ 
at  constant  pressure.  This  result  is  probably  the  best  of  the 
three  because  about  three  times  as  much  ethylene  was  taken  as 
in  the  two  preceding  experiments. 

Experiment  IS. — The  gas  used  contained  93*7  per  cent  by 
volume  of  ethylene.  Hydrogen  was  assumed  to  constitute  the 
remainder,  as  it  was  found  after  removing  ethylene.  The 
bomb  contained  602*^  of  the  dry  gas  at  15*5°  and  755-5°" 
pressure.  The  calculated  amounts  are  0*669  gram  of  ethylene 
and  0*0032  gram  of  hydrogen.  3*2  grams  of  oxygen  were 
added.     Jacket,  1*5°. 
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Minutes.        Temperature. 

Water  and  water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

2-Y83  -  0-24  +  0  024=  2-56'7° 


0 

0-239 

3 

0-240 

6 

0-240 

0 

2-801 

12 

2-783 

15 

2-769 

18 

2-763 

21 

2-739 

24 

2-724 

3252  .  2-567  =  8348« 
Deduct  for  hydrogen     109° 

8239*^ 
and  for  28  grams  of  ethylene,     344,800° 

The  bomb  leaked  at  the  valve  after  exploding  in  14th  experi- 
ment.    The  result  was  340,400  calories. 

Experiment  15, — 602^"^  of  gas  (97'2  per  cent  ethylene)  at 
21-6®  and  762°"°*  pressure,  containing  0-685  gram  of  ethylene, 
was  mixed  with  the  excess  of  oxygen.     Jacket,  3°  ;  room,  5°. 

Minutes.        Temperature. 

Water  and  water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

4-41—  1-835+0-007  =  2-582° 


0 

1-813 

3 

1-824 

6 

1-835 

9 

4-410 

12 

4-410 

15 

4-400 

18 

4-400 

21 

4-394 

24 

4-393 

The  heat  of  combustion  of  28  grams  of  ethylene  from  these 
data  is  343,400°. 

Experiment  i^.— 602*^°  of  gas  (97  per  cent  C,H,)  saturated 
with  water  vapor  at  19-4°  and  760*4""",  containing  0-67  gram 
of  ethylene,  was  exploded  with  an  excess  of  oxygen. 


Minutes.        Temperature. 


0 

0-857 

3 

0-860 

6 

0-860 

9 

3-398 

12 

3-394 

15 

3-389 

18 

3-380 

21 

3-388 

24 

3-370 

27 

8-360 

30 

3-351 

Water  and  water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

3-394  —  0-860  +  0-012  =  2-546° 


From  these  data  we  have  345,700°. 
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The  results  of  the  combustion  of  ethylene,  omitting  experi- 
ment 14,  are 

Experiment  13         344,800 
"  15         343,400 

"  16         346,700 

An  average  of  344,600  calories  at  constant  volume  and 
346,800  at  constant  pressure.  Although  the  results  agree  well 
thej  may  be  slightly  in  excess  owing  to  a  possible  oxidation 
of  the  bomb.  There  was,  however,  no  rust  where  the  steel 
was  exposed  and  the  fine  powder  washed  out  of  the  bomb  after 
an  explosion  was  mostly  gold  and  was  nearly  free  from  iron. 
Thomson*  obtained  for  the  combustion  of  ethylene  333,350*' 
and  Berthellotf  341,100^  at  constant  pressure.  In  deriving  the 
heat  of  formation  we  have  the  difficulty  already  mentioned 
regarding  the  choice  of  the  numbers  to  be  taken  for  the  heats 
of  combustion  of  the  constituents  of  ethylene.  According  to 
Thomson  (loc.  cit.)  it  is  —2710%  and  using  Berthellot's  figures 
we  have  —7800*"  for  the  formation  of  ethylene  from  hydrogen 
and  amorphous  carbon.  If,  however,  we  deduct  341*100  (B) 
from  330*600,  the  heat  of  the  combustion  of  the  constituents 
of  ethylene  adopted  by  Thomsen,  we  have  —10,500^  The 
writer's  direct  determinations  of  the  heat  of  dissociation  of 
ethylene  vary  too  widely  to  have  much  significance,  but  they 
indicate  that  ethylene  may  be  more  endothermic  than  has  been 
assumed. 

Methane, 

The  methane  was  made  in  the  usual  way  by  heating  a  mix- 
ture of  sodium  acetate  and  soda-lime,  and  also  of  the  acetate 
and  barium  hydroxide,  and  the  two  products  were  united. 
The  gas  was  purified  by  passing  it  slowly  through  fuming  sul- 
phuric acid  and  then  allowing  it  to  stand  over  water  containing 
ferrous  hydroxide.  A  combustion  of  the  gas  gave  0*677  gram 
of  CO,  and  0*572  gram  of  water,  corresponding  to  93*8  vol- 
umes of  methane  and  6*2  volumes  of  hydrogen.  The  gas  was 
fairly  free  from  nitrogen. 

Experiment  17. — The  bomb  contained  1*18  gram  of  methane, 
4*765  grams  of  acetylene  and  0*061  gram  of  hydrogen  and 
nitrogen.  Jacket,  1*4° ;  room,  0°.  The  gas  left  after  explod- 
ing gave  no  carbon  dioxide  when  burned. 

Water  and  water  equivalent  of 
calQrimeter,  3252  grams. 

Temperature  interval, 

3*578  — 1*034  +  0*023  =  2*567° 

•  Thermochemische  UntersuchunRen.  iv,  65.      f  Ann.  Ch.  Phys.  [6],  xxx,  657 


Minutes. 

Temperature, 

0 

1*034 

3 

1*034 

6 

1-034 

9 

3*589 

12 

3*578 
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Minutes.        Temperature. 

16  3*559 

19  3-544 

22  3-530 

28  3-517 

The  experimental  result  is  8348^ :  subtracting  this  number 
from  the  thermal  eflfect  of  the  acetylene  taken,  which  is  9768*, 
we  have  1420°  required  to  dissociate  1*18  gram  of  methane  and 
for  16  grams  19,300°  at  constant  volume. 

Experiment  18. — Methane  1*431  gram,  acetylene  5*467  grams 
and  hydrogen  and  nitrogen  0*063  gram.  The  gas  after  the 
explosion  contained  no  acetylene,  but  gave  a  little  carbon 
dioxide  when  burned.  Apparently  some  methane  was  not 
decomposed.  The  jacket  and  room  were  0*7°  according  to  the 
differential  thermometer. 


Water  and  water  equivalent  of 
calorimeter,  3252  grams. 

Temperature  interval, 

3*273  —  0-36  +  0-023  =  2-936° 


Minutes. 

Temperature. 

0 

0-36 

3 

0-36 

6 

0-36 

9 

3*28 

12 

3*273 

15 

3-260 

18 

3-245 

21 

3-230 

The  result  calculated  as  before  is  18,700°. 

The  mean  of  the  two  results  with  methane  is  19,000°  volume 
constant  and  18,420°  pressure  constant  required  to  dissociate 
methane.  Thomsen's  value  of  the  formation  of  methane  at 
constant  volume  is  21,170°.  Calculated  from  Berthellot's  data 
it  is  21,500°. 


358         Na807i — Oeological  Relations  and  the  Age  of 


Art.  XXX YII. — The  Geological  Relations  and  the  Age  of  the 
St.  Joseph  and  Potosi  Limestones  of  St.  Franqois  County^ 
Missouri;  by  Frank  S.  Nason. 

During  the  months  of  March  and  April,  1901,  the  writer 
was  engaged  in  some  engineering  work  for  the  Derby  Lead 
Co.  of  St.  Francois  county.  The  nature  of  the  work  necessi- 
tated a  study  of  the  local  geology.  Incidentally  this  led  to 
the  exact  determinations  of  the  relations  existing  between  the 
underlying  St.  Joseph,  or  Bonne  Terre,  and  the  overlying 
Potosi,  as  well  as  the  age  of  the  two  limestones. 

The  writer  is  indebted  to  Mr.  O.  M.  Bilherz,  superintendent 
of  the  Doe  Run  mine  at  Flat  river,  for  first  calling  his  atten- 
tion to  fossils  which  he  had  found,  and  to  Mr.  Arthur  Thacher 
and  Mr.  J.  T.  Morrell,  president  and  superintendent  of  the 
Central  Lead  Co.,  for  the  assistance  which  they  tendered  him. 

The  rocks  of  St.  Francois  county  have  a  general,  but  very 
sligh^,  S.W.  dip.  The  country  is  hilly,  the  higher  points 
reaching  from'  one  hundred  to  one  hundred  and  fifty  feet 
above  the  datum  level  of  Big  and  Flat  rivers.  The  hills  and 
ridges  are  not  due,  in  general,  to  either  monoclinal  or  anticlinal 
folds,  but,  so  far  as  is  now  known,  to  erosion  entirely.  Both 
Big  and  Flat  rivers  have  flood  plains  a  mile  or  more  m  width, 
thus  cutting  through  the  overlying  measures.  Into  these 
rivers  on  either  side  flow  smaller  tributary  streams  which  have  ' 
cut  more  or  less  deeply  into  the  long  divides,  breaking  them 
up  into  more  or  less  hill-like  domes.  The  gulches  formed  by 
these  streams  are  dry  and  almost  wholly  denuded  of  soil,  leav- 
ing the  nearly  horizontally  bedded  rocks  exposed.  As  the 
summits  of  these  hills  are  approached  the  mantle  of  residuary 
clay  becomes  thicker  and  on  the  summits  of  many  of  the  hills 
this  clay,  tilled  with  drusy,  cherty  quartz,  is  often  fifty  to  one 
hundred  feet  thick.  The  limestones  capping  these  hills  and 
divides  are  more  or  less  cherty,  having  cavities  lined  with 
druses  of  quartz,  locally  known  as  mineral  blossom.  In  many 
places  these  same  limestones  have  their  jointing  and  bedding 
planes  covered  with  the  same  quartz.  In  one  locality  the  writer 
found  a  bed  of  sandy  rock  completely  honey combea  with  their 
shell-like  druses.  The  bed  was  at  least  one  foot  in  thickness. 
Immediately  above  and  below  at  least  fifty  per  cent  of  the 
rock  was  also  drusy  quartz.  Underneath  these  strata  the  lime- 
stone becomes  almost  entirely  free  from  quartz  and  in  general 
appearance  is  hardly  to  be  distinguished  from  the  St.  Joseph 
limestones.  The  occurrence  of  cherty  or  drusy  quartz  in  a 
limestone  has  hitherto  been  the  sole  means  of  distinguishing 
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between  the  Potosi  and  the  St.  Joseph.  If  the  limestone  was 
cherty  it  has  been  called  Potosi ;  if  not,  St.  Joseph,  or  Bonne 
Terre. 

Most  of  the  gulches  ent  by  the  streams  expose  the  contacts 
between  the  cherty  and  non-cherty  limestones.  As  the  cherty 
limestones  show  well  up  the  sides  of  the  hills,  it  has  been 
assumed  that  only  the  summits  of  the  hills  and  divides  were 
Potosi. 

In  the  geological  map  of  St.  Frangois  County,  Mo.  (Bull.  U.  S. 
G.  S.  No.  132,  "  Diss.  Lead  Ores  of  S.  E.  Mo."),  Mr.  Arthur  Wins- 
low  has  accepted  this  erroneous  conclusion  and  further  states 
{iiid.y  p.  17) :  "  The  rocks  of  this  formation  [Potosi]  are  found 
principally  west  and  north  of  the  area  here  treated  of  [St.  Francois 
Co.]  and  they  occur  within  it  only  over  the  hills.  The  upper 
limits  of  the  formation  are,  therefore,  not  reached,  and  it  is 
probable  that  no  sharp  line  of  separation  between  it  and  the 
underlying  St.  Joseph  limestone  exists." 

The  writer  discovered  a  positive  break  between  the  two 
series  in  the  bed  of  Flat  river  about  one  mile  up  the  river 
from  Elvins,  just  a  little  above  where  the  M-  R.  and  B.  T. 
E.  R.  bridges  the  stream.  Ilere  the  river  has  washed  bare  a 
heavy  bed  of  limestone  conglomerate.  The  appearance  of  the 
conglomerate  is  very  striking,  being  composed  of  flat,  round- 
edged,  disks  of  limestone  lying  edgewise,  as  is  shown  in  the 
accompanying  geological  column.  The  conglomerate  here 
appears  to  be  about  ten  feet  in  thickness  and  below  the  layer 
of  disk-like  pebbles,  five  to  six  inches  thick,  it  is  massive. 

In  the  railroad  cut  above  the  river  exposure,  the  conglomer- 
ate is  seen  to  be  overlaid  with  soft  clay  slates  from  a  few 
inche§  to  several  feet  in  thickness.  From  this  up  to  the  chert- 
less  Potosi,  there  is  a  succession  of  clay  slates  interstratified  with 
thin  beds  of  conglomerate.  Judging  by  drill  holes  and  by 
natural  sections,  the  thickness  of  the  conglomerate  series  is  not 
less  than  fifty  feet  and  probably  in  places  it  is  one  hundred 
and  fifty  to  two  hundred  feet  thick.  The  conglomerate  is  not 
a  mere  local  occurrence.  From  its  outcrop  in  Flat  river  the 
writer  traced  it  continuously  for  one  mile  towards  the  Central 
Lead  Co.'s  office ;  and  in  isolated  exposures  for  another  mile 
to  near  the  Theodora  shaft  of  the  same  company.  Southeast, 
it  was  found  on  the  face  of  a  bluff  about  two  miles  from  Farm- 
ington,  about  four  miles  air  line  from  the  original  outcrop. 
To  the  west,  near  Irondale,  a  distance  of  about  eight  miles, 
drill  cores  showed  it  to  be  present  at  a  depth  of  two  hundred 
and  sixty-two  feet. 

The  pebbles  of  the  conglomerate,  as  far  as  seen,  are  all 
magnesian  limestone.     The  interstitial  paste  or  cement  is  with- 
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out  exception  a  crystalline  limestone,  nearly,  if  not  quite,  pure. 
Accompanying  the  conglomerate  is  an  oolitic  limestone. 

Although  not  traced  continuously,  to  the  points  noted,  the 
conglomerate  is  assumed  to  be  identical,  for  tne  following  rea- 
sons: The  disk-like  conglomerate,  the  crystalline  limestone 
paste,  the  oolitic  limestone,  and  finally,  the  invariable  occur- 
rence of  fofisils,  principally  trilobites  and  brachiopods;  also 
beds  of  interstratified  slate. 

Fossils  are  very  scarce  in  rocks  of  both  formations  save  as 
here  noted :  .  Lingulella  and  OholMa  in  or  near  the  junction 
between  the  La  Motte  sandstone  and  the  St.  Joseph ;  in  the 
bands  of  lead-bearing  clay  slate  in  the  lower  and  upper  lead- 
bearing  zones  of  the  St  Joseph  limestone  (see  geological  column) 
and  in  the  slates  of  the  conglomerate  series  ;  in  tne  conglom- 
erate paste  (trilobites,  brachiopods,  pteropods). 

The  writer  feels  little  hesitancy,  therefore,  in  stating  posi- 
tively that  the  beds  of  conglomerate  mark  a  break  in  geological 
time  between  the  St.  Joseph  and  Potosi  limestones.  There  is 
no  doubt  that  this  division  will  be  found  to  be  widely  extended, 
but  at  present  nothing  can  be  here  offered  in  support  outside 
of  St.  Franfois  county  and  the  eastern  edge  of  Iron  county. 

The  Potosi  will  henceforth  be  recognized  as  including  and 
lying  above  the  slates  and  conglomerates,  and  will  extend  far 
down  many  of  the  streams  instead  of  being  referred  to  the  hill 
tops  above. 

As  to  the  age,  its  determination  rests  on  fossils,  and  these 
have  been  submitted  to  Professor  Beecher,  who  has  generously 
consented  to  examine  them. 


I 
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Art.  XXXYIII.  —  Note  on  the  Camhrian  Fossils  of  St, 
Franqois  County^  Missouri  ;  by  C.  E.  Beecher. 

The  small  collection  of  fossils  submitted  to  the  writer  by 
F.  L.  Nason,  for  identification,  is  interesting,  especially  as  it 
determines  the  geological  horizon  of  an  extensive  series  of 
limestones,  sandstones,  conglomerates,  etc.,  in  southeastern 
Missouri,  the  age  of  which  has  hitherto  been  somewhat  in 
doubt.  Also,  since  these  strata  are  intimately  associated 
with  the  lead-bearing  rocks  of  this  region,  the  identification  has 
considerable  economic  value. 

It  is  stated  by  Arthur  Winslow,  in  a  paper  on  "The  Dis- 
seminated Lead  Ores  of  Southeastern  Missouri""*^  (p.  11),  that 
although  these  rocks  are  placed  in  the  Lower  Silurian  ^'The 
possibility  still  remains  that  there  maybe  afaunal  break  which 
will  admit  of  some  of  the  lower  strata  being  classed  as  Cam- 
brian, though  there  is  nothing  in  the  stratigraphy  to  suggest 
it.  This  must,  therefore,  be  left  to  the  paleontologists,  and 
owing  to  the  dearth  of  fossils  the  problem  is  not  an  easy  one 
for  them  to  solve."  In  Volume  IX  of  the  Missouri  Geological 
Survey  (Pt.  IV,  p.  52,  Keyes,  1895)  the  Fredericktown  dolo- 
mite (=  St.  Joseph  limestone)  is  referred  to  the  Upper  Cam- 
brian on  account  of  the  presence  of  Lingulella  Lamhomi 
(Meek),  but  since  this  species  is  peculiar  to  the  horizon,  and 
the  genus  has  a  much  wider  range,  this  correlation  is  not 
established.  A  general  statement  is  made  by  Keyes  regarding 
this  region  {L  c,  p.  44)  that  "  No  strata  younger  than  the  Cam- 
brian are  believed  to  be  represented.  But  few  fossils  have 
been  found  in  the  rocks  of  the  area,  so  that  the  faunal  evidence 
as  to  geological  age  is  somewhaj;  meager."  The  present  collec- 
tion of  fossils,  made  by  Mr.  Nason,  indicates  that  the  entire 
series  is  older  than  the  Lower  Silurian  (Ordovician)  and  that  at 
least  the  upper  portion  probably  belongs  to  the  Upper  Cambrian. 

All  but  one  species  of  the  fossils  were  obtained  from  the 
lower  members  of  the  Potosi  limestones,  and,  since  this  is  the 
topmost  formation  of  this  region,  its  correlation  is  of  the  first 
importance.  The  fossils  occur  abundantly  in  the  limestone 
and  conglomerate  beds  and  more  sparsely  in  the  sandstones. 
They  consist  chiefly  of  fragments  of  trilobites,  with  a  few 
brachiopods  and  other  forms.  Lithologically  there  is  a  very 
close  resemblance  between  these  fossil- bearing  beds  and  those 
of  a  similar  horizon  in  the  Black  Hills  of  South  Dakota. 
Limestones,  limestone  conglomerates,  and  sandstones  of  the 
same  appearance  are  found  in  both  sections.     Faunally,  there 

•Bulletin  No.  132  of  the  UDited  States  Geological  Survey,  1896. 
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is  a  snggestion  of  affinity  with  the  Potsdam  fauna  of  Wiscon- 
sin and  Texas.  A  careful  comparison,  however,  reveals  that 
these  resemblances  are  more  general  than  specific  and  that  the 
species  seem  to  be  distinct.  Nevertheless,  the  facies  of  this 
fauna  seems  to  indicate  Upper  Cambrian,  though  farther 
studies  with  additional  material  may  show  it  to  belong  to  the 
middle  member. 

Owing  to  the  small  number  of  specimens  in  the  present  col- 
lection, the  number  of  species  is  necessarily  limited.  It  will 
doubtless  be  considerably  increased  by  future  collections. 
Among  the  trilobites  the  genera  Piychoparia^  PtychaspiSy 
ChariocephaluSj  and  Crepicephalvs^  are  more  or  less  clearly 
identifiable.  A  species  of  Chariocephalus  closely  agrees  with 
the  C,  onusUis  of  W hitfield. 

The  species  of  brachiopods  seem  to  be  fairly  abundant, 
especially  an  orthoid  shell  resembling  in  some  respects  JSU- 
liiigsella.  It  occurs  in  the  shaly  partings  between  the  layers 
of  limestone.  A  species  of  Acrotreta  and  a  Lingulella  are 
common  both  in  the  limestones  and  arenaceous  beds. 

Hyolithesprimordialis  Hall  and  a  small  species  of  Platyceras 
also  occur  in  the  limestones,  together  with  segments  of  cysti- 
dean  or  crinoidal  columns. 

Abundant  remains  of  a  linguloid  shell  are  found  on  the 
lower,  or  La  Motte,  sandstones  constituting  the  basal  member  of 
the  clastic  rocks  of  the  section.  Making  allowances  for  differ- 
ent conditions  of  preservation,  this  species  may  be  identified 
with  the  LinguleUa  Lamhorni  of  Meek,  which  occui's  in  some 
green  shales  of  the  same  age  in  Madison  County,  a  little  fur- 
ther south.  In  the  absence  of  other  evidence,  the  diagnostic 
value  of  this  brachiopod  is  very  slight,  and  it  is  impossible  to 
say  whether  the  Bonne  Terre,  or  St.  Joseph,  limestones  and  the 
La  Motte  sandstones  represent  Lower  Cambrian  terranes  or 
whether  they  with  the  Potosi  all  belong  to  the  Middle  or  Upper 
Cambrian. 

The  important  point  of  this  correlation  is  that,  upon  paleon- 
tological  evidence  which  has  hitherto  been  largely  wanting,  an 
extensive  area  and  thickness  of  sedimentary  rocks  are  definitely 
placed  in  the  Cambrian. 

Yale  University  Museum,  New  Haven,  Conn.,  June,  1901. 
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Art.  XXXIX. — Discovery  of  Eurypterid  Remains  in  the 
Cambrian  of  Missouri :  by  C.  E.  Beecher.  (With  Plate 
VII.) 

The  wonderful  development  of  merostomes  in  varions  parts 
of  the  world  at  about  the  close  of  the  Silurian  has  long  been 
recognized,  and  the  suddenness  of  their  appearance  out  of  an 
apparently  clear  paleozoic  sky  has  been  a  matter  of  considera- 
ble speculation.  Almost  at  the  same  instant  of  time  there 
appeared  on  the  geologic  horizon  a  marveloius  assemblage  of 
these  ancient  arthopods.  A  very  few  scattering  forerunners 
are  known  from  older  rocks,  but  most  of  them  are  small  and 
strange  creatures,  little  resembling  the  characteristic  Euryp- 
terus  and  Pterygotus  of  the  Upper  Silurian,  and  in  fact  be- 
longing to  other  orders  of  the  Merostomata. 

In  North  America  the  known  genera  and  species  of  the 
order  Eurypterida  belong  almost  exclusively  to  the  Waterlime 
group  (Rondout)  above  the  Salina  beds.  Dr.  John  M.  Clarke* 
has  recently  announced  the  discovery,  by  Mr.  C.  J.  Sarle,  of  a 
new  Eurypterid  fauna  at  the  base  oi  the  Salina,  which  carries 
this  peculiar  biologic  facies  one  comparatively  brief  stage  fur- 
ther back.  Evidences  of  still  older  forms  are  very  meager. 
A  single  species  of  Exirypterus  {E,  prominens  Hall)  is  referred 
to  the  Clinton  beds  of  the  Silurian  with  considerable  doubt. 
The  next  indication  of  a  greater  antiquity  of  this  order  con- 
sists of  a  fragment  of  an  abdominal  segment  and  a  single 
jointed  limb,  from  the  Utica  slate  of  New  York,  described  oy 
0.  D.  Walcottf  as  Echinognathus  Clevelandi. 

It  is  therefore  of  considerable  interest  and  importance  that 
a  new  and  much  older  horizon  for  the  Eurypterida  can  now  be 
chronicled. 

Mr.  Arthur  Thacher,  President  of  the  Central  Lead 
Company  of  Missouri,  formerly  a  professor  in  Washing- 
ton University,  found  a  nearly  entire  specimen  of  a  new 
Eurypterid  in  the  Potosi  limestone  of  St.  Franjois  county, 
and  through  his  generosity  and  the  kindly  interest  of  Mr. 
Frank  L.  Nason,  the  specimen  was  transmitted  to  the  Yale 
University  Museum.  Owing  to  the  supposed  scarcity  of  fos- 
sils in  the  Potosi  and  St.  Joseph  terranes  of  Missouri,  their 
correlation  was  long  a  matter  oi  uncertainty,  until  Mr.  Nason 
described  certain  horizons  bearing  an  abundant  and  character- 
istic Cambrian  fauna. 

*  Notes  un  Paleozoic  Crustaceans.  N.  Y.  State  Museum,  Report  of  the  State 
Paleontologist  for  1900.     1901. 

f  Description  of  a  New  Genus  of  the  Order  Eurypterida  from  the  Utica  Slate. 
This  Journal  (3),  vol.  zxiii,  1882. 
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The  specimen  here  described  at  once  suggests  the  familiar 
and  well-known  genus  Eurypterus^  and  only  when  its  charac- 
ters are  studied  in  connection  with  its  geological  occurrence  is 
it  apparent  that  its  differences  are  of  sufficient  importance  to 
warrant  its  generic  separation.  The  specimen  represents  nearly 
the  entire  dorsal  test  of  the  animal  and  consists  of  -the 
cephalothorax  with  the  abdominal  segments,  including  the 
telson  spine. 

The  cephalothorax  is  comparatively  shorter  and  wider  than 
in  EurypteruSj  the  eyes  are  further  forward,  nearer  together, 
and  more  oblique,  and  besides  the  telson  but  eleven  abdominal 
somites  can  be  determined  on  the  dorsal  side,  instead  of  twelve 
as  in  EurypUrus,  These  differences  are  considered  as  indica- 
tive of  a  new  genus  and  it  is  proposed  to  recognize  this  type 
onder  the  name  Strahopa  nov.  gen.,  with  Strabopa  Thacneri 
n.  sp.,  as  the  type  species.  The  generic  name  is  m  allusion  to 
the  inward  turning  or  squinting  of  the  eyes  {crTpaP6^  squint- 
ing and  0-^*9  face). 

Doubtless  many  generic  differences  will  appear  when  the 
appendages  of  this  type  are  obtained.  The  diflferences  in  the 
cnaracters  available  for  comparison  are  quite  as  great  as 
between  Eurypterus  and  Dolichopterua^  StylonumSj  Anthra- 
conectesy  or  Eusarcus.  This  taken  with  the  fact  that  practi- 
cally all  the  Cambrian  genera,  especially  the  more  highly  organ- 
ized types,  became  extinct  long  before  the  Upper  Silurian, 
lends  support  to  the  conclusion  that  Strabopa  is  generically 
distinct  from  any  hitherto  known  form. 

Stbabops  Thacheei  gen.  et  sp.  nov.     (Plate  VII.) 

Body  broadly  ovate  in  general  outline  exclusive  of  the  tel- 
son, slightly  convex  in  the  specimen,  though  probably  quite 
arched  Doth  transversely  and  longitudinally  in  life,  as  indicated 
by  the  outline  of  the  separate  segments. 

Cephaloihovaoi  short  and  broad,  length  less  than  one-half  the 
width,  anterior  and  lateral  margins  regularly  rounded,  posterior 
margin  gently  curved  in  the  middle  and  turning  obliquely  for- 
ward toward  the  genal  extremities,  which  are  obtusely  angular. 

Eyea  medium  sized,  ovate,  narrow  ends  pointing  obliquely 
inward,  situated  in  the  middle  of  the  anterior  half  of  the 
cephalothorax,  distant  about  the  length  of  one  eye,  connected 
anteriorly  by  a  distinct  arched  line  or  fold.  The  eye  tubercles 
are  mostly  exfoliated,  and  their  convexity  and  surface  cannot 
be  determined.  Ocelli  indicated  by  two  spots  midway  be- 
tween the  eyes. 

Ahdomen.  The  dorsal  side  shows  eleven  segments  exclusive 
of  the  telson.     The  axis  in  the  specimen  is  slightly  convex 
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and  slopes  off  into  the  nearly  flat  pleural  region  without  any 
line  of  demarkation.  The  greatest  width  is  across  the  third 
seficment.  The  extremities  of  the  sefi^tnents  are  rounded  ante- 
riorly  and  on  tlie  sides,  and  terminate  behind  as  a  simple  anga- 
lation.  The  first  six  segments  are  quite  uniform  in  length, 
while  the  three  following  are  somewhat  shorter,  and  the  last 
two  are  a  little  longer. 

Telaon  a  broad  ilat  spine,  obtusely  elevated  along  the  mid- 
dle. 

Surface  smooth,  with  an  indication  of  a  row  of  minute 
crenulations  or  scale-like  markings  near  the  posterior  edge  of 
each  segment. 

Dimensions.  Greatest  length  of  specimen  110"™,  length 
exclusive  of  telson  82™°^ ;  greatest  width,  allowing  for  compres- 
sion on  left  side,  60"" ;  length  of  cephalothorax  20"",  width 
49"" ;  greatest  width  of  telson  17"". 

Formation  and  locality.  From  the  lower  members  of  the 
Potosi  limestone,  Flat  river,  St.  Frangois  county,  Missouri. 

The  only  known  genus  of  merostomes  besides  Strctbops 
occurring  in  the  Cambrian  is  Aglaspis  Hall,  represented 
by  two  species  {A.  Barrandi  and  A.  Eatoni  Whitf.).  But 
since  Aglaspie  belongs  to  the  order  Synxiphoeura,  it  leaves 
SirabopssiS  the  present  sole  representative  of  the  Eurypterida.* 

♦  Although  Aglaspis  was  compared  with  Limulus  by  Professor  Hall,  and  its 
affinities  were  distinctly  stated  as  with  the  Merostomata,  yet  most  subsequent 
writers  have  overlooked  its  true  relationships  and  have  included  it  in  their  lists 
of  trilobito  genera.  The  family  named  Aglaspidsa  was  first  employed  in  1877  by 
S.  A.  Miller  in  "  The  American  Palaeozoic  Fossils/*  p.  208,  and  the  restoration  of 
the  family  to  the  Merostomata  was  first  made  by  the  writer  in  a  paper  entitled 
^'  Outline  of  a  Natural  Classification  of  the  Trilobites  "  (this  Journal  (4),  voL  iii^ 
p.  1 82,  1897). 

EXPLANATION  OF  PLATE  VII. 

Strabops  Thacheri  Beecher. — Dorsal  side  of  type  specimen  x  3/2.  Potosi  lime- 
stone (Cambrian),  St.  Francois  county,  Missouri.  Original  in  Tale  Univer- 
sity Museum. 

Yale  University  Museum, 
New  Haven,  Conn.,  June,  1901. 
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Art.     XL.  —  The    Determination    of  Perf^ulphates ;     by 
Charles  A.  Peters  and  Seth  E.  Moody. 

[CootributioQS  from  the  Kent  Ohegiical  Laboratorj  of  Yale  Uoiyereity — CIII.] 

In  a  recent  article  by  Namias,  of  which,  however,  only  the 
abstract  is  at  our  disposal,^  it  is  proposed  to  sabstitate  for  the 
method  of  reducing  the  persulphate  by  a  ferrous  salt  and  esti- 
Doating  the  excess  of  the  latter — ^a  method  which  the  author 
characterizes  as  inaccurate — the  treatment  of  the  persulphate 
by  potassium  iodide  for  a  period  of  ten  or  twelve  hours,  and 
titration  by  thiosulphate  of  the  iodine  set  free;  and  Griitznerf 
has  recently  stated  that  a  solution  of  arsenious  oxide  is  well 
suited  for  the  determination  of  the  oxidizing  power  of  persul- 
phates,  the  reaction  being  hastened  by  heat  and  the  presence 
of  alkaline  hydroxide.  A  test  of  the  processes  of  Namias  and 
Griitzner  led  us  to  consider  also  the  method  of  LeBlanc  and 
Eckardt,:}:  as  well  as  the  previously  proposed  method  of 
Mondolfo,§  in  order  that  the  indications  of  all  these  methods 
might  be  brought  into  comparison. 

LeBlanc  and  Eckardtj  state  and  bring  experimental  results 
to  show  that  when  a  mixture  containing  a  persulphate,  a  suffi- 
cient excess  of  ferrous  salt,  and  sulphuric  acid,  is  heated  at 
60^-80*^,  or  allowed  to  stand  ten  or  twelve  hours,  the  persul- 
phate is  reduced,  and  the  amount  of  ferrous  salt  oxidized  is  the 
measure  of  the  amount  of  persulphate  originally  present  in 
solution.  This  is  the  method  to  which  Namias  takes  exception. 
Marshall!^  is  authority  for  the  statement  that  persulphates 
liberate  iodine  from  potassium  iodide,  and  that  the  action  is 
hastened  by  heat  and  affected  little  by  the  addition  of  dilute 
sulphuric  acid.  Upon  this  reaction  Mondolfo**  has  based  a 
method  for  the  estimation  of  persulphates,  which  consists  in 
heating  a  mixture  containing  the  persulphate  and  potassium 
iodide  in  a  stoppered  bottle  for  ten  minutes  at  60°-80°,  and 
titrating  by  thiosulphate  the  iodine  set  free.  The  process 
which  Namiasft  proposes  for  the  estimation  of  persulphates — 
without  knowledge  of  Mondolfo's  method — differs  from  the 
iodometric  method  of  Mondolfo  in  the  point  that  the  interac- 
tion between  the  iodine  and  the  persulphate  is  carried  out  at 
the  ordinary  atmospheric  temperature  and  prolonged  ten  or 
twelve  hoars,  when  the  estimation  is  made  by  thiosulphate  of 
the  iodine  set  free  in  the  action. 

*  Chem.  Centralblatt,  1900,  11,  p.  S06.  |  Ibid.,  1900,  i,  p.  835. 

t  Zeit  f.  Eleotrochemie,  6,  355-7.  §  Ohem.  ZeituDg,  23,  p.  699. 

[Loc.  cit  "ll  Jour.  Chem.  Soc,  69,  771. 

*♦  Loc.  oit.  ft  Loc.  cit. 
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Method  of  LeBlanc  and  JEckardt. 

The  reagents  used  in  onr  experiments  were  a  solution  of 
ammonium  pei'sulphate,  10  grm.  of  the  salt  to  the  liter ;  an 
acidified  solution  of  ammonio-ferrous  sulphate,  20  grm.  to  the 
liter ;  an  approximately  tenth-normal  solution  of  potassium 
permanganate ;  and  sulphuric  acid  of  half  strength.  The 
standard  of  the  potassium  permanganate  solution  was  deter- 
mined by  comparison  with  a  solution  of  arsenious  oxide.* 
The  effect  upon  the  reaction  of  variations  in  time,  temperature, 
and  amount  of  ferrous  salt  were  tried,  and  the  results  given  in 
Table  I. 


Table  I. 

Volume  of  liquid  100«»*. 

Ammonium 
]>er8ulphate, 
10  grm. 
to  liter, 
cm*. 

(NH4),Fe(S04),6H,0 
solution 
20  grm.  to  liter, 
cm*. 

KMnO* 
app.  N/10, 

to  oxidize 
the  eicess  of 

ferrous  salt, 
cm*. 

Treatment. 

(NH4),S,0, 
calculated 
from  ferrous 
salt  oxidized, 
grm. 

A 

Heated  lOmin. 

12-6 

25 

2-11 

60*^-80° 

01216 

12-5 

25 

2-18 

a 

.  0-1209 

12-5 

25 

2-11 

a 

0-1216 

12-6 

25 

211 

C( 

0-1216 

12-5 

50 

15-00 

« 

0-1218 

25-0 

50 

4-21 

(C 

0-2426 

B 

Stood  1 1  hours. 

12-5 

26 

1-89 

21°-26*' 

0-1214 

12-5 

26 

1-80 

« 

01224 

125 

40 

8-75 

a 

01221 

12-5 

40 

8-75 

it 

01221 

12-5 
12-5 


C 
Carbon  dioxide  above  the  liquid. 

Stood  11  hours. 

40  8-75  21**-26*'       0*1221 

40  8-78  "  0-1218 


In  section  A  are  given  the  results  of  experiments  obtained 
by  heating  the  mixture  of  persulphate,  ammonio-ferrous  sol- 
phate,  sulphuric  acid,  and  water,  on  the  steam  bath  for  ten 
minutes,  at  a  temperature  of  60°-80®.  In  section  B  are 
recorded  the  results  of  experiments  in  which  the  same  mixtnre 
was  allowed  to  stand  11  hours  at  the  ordinary  room  tempera- 

*  Gooch  and  Peters,  this  Journal,  yiii,  126. 
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tnre.  In  the  experiments  recorded  in  section  C,  the  air  above 
the  liquid  was  replaced  by  carbon  dioxide.  It  is  seen  that  the 
resnlts  of  the  experiments  given  in  the  three  sections  of  the 
table  agree  qaite  closely  with  one  another,  and  the  average  of 
these  experiments  gives  a  valne  to  the  persulphate  solution  of 
0*1217  grm.  of  the  salt  in  12*5  cm'. 

Experiments  were  made  in  blank  to  discover  the  amount  of 
ferrous  salt  oxidized  in  11  hours  by  other  agencies  than  the 
persulphate.  The  amount  of  oxidation  in  that  time,  however, 
was  too  small  to  be  detected,  but,  when  the  solution  was  allowed 
to  stand  36  hours  a  slight  oxidation  was  noticed,  which  if  cal- 
culated as  persulphate,  would  be  equivalent  to  0*0006  grm. 
The  correction  for  11  hours  standing,  upon  this  basis,  therefore, 
would  be  0*0002  grm.,  which  is  obviously  so  small  that  it  may 
be  disregarded.  This  absence  of  any  significant  oxidation  of 
the  ferrous  salt  was  undoubtedly  due  to  the  fact  that  the  solu- 
tion of  ammonio-ferrous  sulphate  had  been  standing  some  time 
before  standardizing  and  was  devoid  of  any  active  oxygen. 

Method  of  GriUzner, 

In  testing  the  value  of  the  persulphate  solution  according  to 
the  method  of  Griitzner,*  the  mixture  containing  the  persul- 
phate, standard  arsenite  solution,  and  sodium  hydroxide  was 
raised  to  the  boiling  point,  cooled,  faintly  acidified  with  sul- 
phuric acid,  then  made  alkaline  with  potassium  bicarbonate, 
and  after  adding  a  large  excess  of  the  last,  the  arsenite  remain- 
ing unoxidized  was  titrated  by  iodine.  Experiments  made  in 
blank,  that  is  experiments  in  which  the  mixture  of  arsenite  and 
alkaline  hydroxide  was  raised  to  the  boiling  point,  cooled, 
made  acid  with  sulphuric  acid,  then  alkaline  with  potassium 
bicarbonate,  and  titrated  with  iodine,  showed  a  deficiency  of 
arsenious  acid  as  compared  with  the  experiments,  similarly 
conducted,  in  which  the  mixture  was  not  subjected  to  heat. 
The  effects  of  various  specimens  of  sodium  and  potassium 
hydroxide  were  tested  in  the  process — sodium  and  potassium 
hydroxide  made  by  the  alcohol  process,  potassium  hydroxide 
by  the  barium  hydroxide  process,  sodium  hydroxide  especially 
prepared  from  sodium  carbonate  and  calcium  hydroxide — as 
well  as  a  specimen  of  potassium  carbonate.  In  the  case  of  all 
but  the  potassium  carbonate,  more  or  less  oxidation  was  ob- 
served, sometimes  trifling,  sometimes  considerable.  The  same 
specimens  of  potassium  and  sodium  hydroxides  and  potassium 
carbonate  were  tested  in  the  absence  of  the  arsenite  solution, 
by  dissolving  them  in  water,  heating  the  solution  to  the 
boiling  point,  cooling,  adding  sulphuric  acid  in  faint  excess  and 

*  Loc.  cit. 
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then  potaseiam  bicarbonate,  and  titrating  with  iodine  to  a  color 
without  starch.  In  all  cases,  save  that  of  the  potassiam  car- 
bonate, the  color  of  the  first  drop  of  iodine  solution  added 
was  destroyed,  and  from  0-06-0'19°°'  were  necessary  to  bring 
the  permanent  iodine  color.  The  results  of  these  experiments 
are  given  in  Table  II. 


Table  II. 

Arsenic  solution  No 

.  1. 

Iodine 

• 

solution 

Arseaite 

required 

solution 

NaOH 

KOH 

K,CO, 

to  bring 

taken. 

present. 

present. 

present. 

color. 

cm'. 

grm. 

grm. 

grm. 

cm*. 

Remarks. 

25 

.. 

.. 

.. 

25-40 

25 

2 

25-36  I 

NaOH  by  CaO,H„  aver- 
age of  4  experiments. 

25 

^  ^ 

6 

■•  s 

25-29 

KOII  by  alcohol. 

25 

5 

•- 

2507 

KOH  by  BaO,H,. 

Arsenic  solution  No 

.  2. 

25 

25-54 

25 

6 

25-42 

KOH  by  alcohol. 

26 

^  ^ 

6 

^  _ 

25-30 

KOH  by  BaO.H,. 

25 

.. 

.. 

6 

25-56 

w    m 

4 

.. 

•     w 

0-12 

NaOH  by  CaO,H,. 

._ 

6 

^  ^ 

^    ^ 

0  06 

NaOH  by  alcohol. 

^ 

.. 

6. 

.. 

0-06 

KOH  by  alcohol. 

.. 

«      M 

6 

.. 

0-19 

KOFI  by  BaO  H,. 

_    ^ 

.      ^ 

2 

^  ^ 

0-07 

KOH  by  BaO,H, 

•>    • 

W      • 

6 

0-02 

Potassium  carbonate  proves  to  be  inefficient  as  a  sabstitute 
for  an  alkaline  hydroxide,  but  by  using  definite  amounts  of  the 
hydroxide,  and  introducing  a  correction  for  the  oxidation 
determined  by  the  blank  tests,  the  real  oxidizing  effect  of  the 
persulphate  upon  the  arsenite  may  bo  deduced.  Table  HI 
contains  the  values  found  by  Griitzner's  process  thus  corrected, 
as  well  as  uncorrected  results. 


Table  III. 

Ammonium 
persulphate 
solution 

Arsenite 

NaOH  by 

Calculated 
from  Iodine 

(NHOAO. 

corrected 

for  oxidation 

taken. 

solution. 

CaOaH,. 

actually  used. 

in  blank. 

cm*. 

cm*. 

grm. 

grm. 

grm. 

12-5 

25 

2 

0-1223 

0-1218 

12-5 

25 

2 

0-1223 

0-1218 

12-5 

25 

2 

0-1225 

0-1220 

12-5 

25 

2 

0-1229 

01220 
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The  average  of  the  corrected  figures  gives  a  value  to  12*5  cm' 
of  the  persulphate  solution  of  0-1219  grm.  of  the  salt. 

Method  of  Mondolfo. 

In  certain  experiments  conducted  as  described  by  Mondolfo* 
a  mixture,  25"°*  in  volume,  containing  12'5'^'"'  of  the  persul- 
phate solution,  I'O  grm.  of  potassium*  iodide,  was  heated  in  a 
stoppered  bottle  10  minutes  on  the  steam  bath,  and  after  cool- 
ing, the  liberated  iodine  was  titrated  by  thiosulphate.  The 
readings  were  made  without  starch,  which,  however,  was  added 
afterwards  to  verify  the  observation.  In  other  experiments, 
similarly  conducted,  the  volume  of  the  liquid  containing  the 
persulphate  and  the  potassium  iodide  was  increased  to  100""'* 
and  the  mixture  heated  10  minutes  on  the  steam  bath,  the 
temperature  being  60°-S0®.  The  repeated  return  of  the  iodine 
color  when  the  volume  of  the  liquid  was  100*^"'*  showed  plainly 
that  only  a  partial  reduction  of  the  persulphate  had  taken  place. 

When,  however,  the  mixture  at  a  volume  of  lOO''"'*  was 
heated  on  the  steam  bath  for  30  minutes,  the  results  agreed 
with  those  obtained  by  the  treatment  at  a  volume  of  25^™'.  The 
results  of  these  two  sets  of  experiments  are  given  in  sections 
A  and  B  of  Table  IV.  After  the  iodine  in  the  experiments 
which  are  recorded  in  section  A  of  Table  IV  had  been  titrated 
by  thiosulphate,  sulphuric  acid  was  added  to  the  mixture  and 
a  blue  color  appeared  immediately,  showing,  even  in  these  ex- 
periments conducted  at  a  volume  of  25^'™*,  that  the  reduction 
of  the  persulphate  had  been  incomplete.  This  fact  suggested 
a  study  of  the  effect  of  the  presence  of  sulphuric  acid  on 
the  process  conducted  otherwise  as  described  by  Mondolfo. 
Accordingly  experiments  were  made  similar  to  those  already 
described  excepting  that  a  small  amount  of  sulphuric  acid  was 
present.  The  results  of  these  experiments  are  given  in  section 
C  of  Table  IV. 

In  a  blank  test  made  with  1*^™*  of  sulphuric  acid  present,  a 
small  amount  of  iodine  was  liberated ;  and  when,  in  a  similar 
experiment  the  air  over  the  liquid  was  replaced  by  carbon 
dioxide  the  amount  of  iodine  liberated  was  less.  The  results 
of  these  experiments  in  blank  are  given  in  section  D  of  Table 
IV.  It  18  seen  from  the  results  of  experiments  given  in  sec- 
tions A  and  B  of  the  Table  that  the  method  as  described  by 
Mondolfo  gives  constant  results  provided  the  volume  is  small 
and  the  heating  prolonged.  The  instantaneous  appearance  of 
the  iodine  color  upon  acidifying  with  sulphuric  acid  showed, 
however,  that  a  very  small  amount  of  the  persulphate  had 
escaped  reduction.     Still,  the  presence  of  sulphuric  acid  in  the 

*Loc.  cit. 
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Ammonium 

persulphate 

solution. 

cm*. 

KI. 
grm. 

H,S04 
1:  1. 
cm'. 

Table  IV. 

Time 
of 
Volume,     heating, 
cm'.       minutes. 

NaaSsOs 
required. 

app  N/io 
cm'. 

(NHO.S,0. 

calculated 

from  sodium 

found. 

grm. 

12-5 

10 

25 

10 

10-65 

01200 

12-5 

1-0 

»     M     w     w 

25 

10 

10-74 

0-1210 

12-5 

10 



25 

B 

30 

10-73 

0-1209 

j  12-5 

l-O 

100 

10 

9-89* 

0-1124  1 

(  12-6 

1-0 

M       S       »      « 

100 

10 

8-99* 

0-1013) 

12-6 

1-0 

«>      »       •      * 

100 

30 

10-70 

0-1206 

12-5 

1-0 

«      *       •>      W 

100 

30 

10-72 

0-1208 

12-5 

1-0 

-    -    -   - 

100 

0 

30        • 

10-72 

0-1208 

12-5 

1-0 

0  05 

25 

30 

10-78 

01214 

125 

10 

0-05 

100 

30 

10-81 

0-1218 

12-5 

1-0 

1-0 

100 

30 

10-81 

0-1218 

12-5 

1-0 

1-0 

100 

T\ 

30 

10-84 

0-1221 

1-0 

100 

D 

30 

0-00 

o-oooo 

m     ^    ^    ^ 

1-0 

1-0 

100 

30 

0-07 

0-0008 

w     V     s     • 

1-0 

1-0 

100 

30 

0-10 

0-0011 

•    •    -    - 

1-0 

1-0 

100 

30 

0-03t 

0-0003 

process  is  hardly  to  be  recoramended,  becanse  of  the  sensitive- 
ness of  the  hydriodie  acid  set  free  to  the  oxygen  of  the  air  and 
the  oxygen  dissolved  in  the  water.  The  value  of  12'5^'  of  the 
persulphate  solution  obtained  by  the  method  of  Mondolfo, 
found  by  averaging  the  results  of  experiments  in  sections  A 
and  B  (omitting  the  first  two  experiments  under  section  B)  i^ 
0*1207  grm.,  vmile  that  found  by  averaging  the  results  of  ex- 
periments in  section  C  and  deducting  the  correction  given  in 
the  experiments  under  section  D  is  0*1208  grm. 

Method  of  Ndmias, 

In  the  process  for  the  estimation  of  persulphates  carried  out 
as  described  bv  Namias,:|:  a  mixture  containing  12*5*™'  of  the 
persulphate  solution,  1*0  grm.  of  potassium  iodide,  and  water 
sufficient  in  some  experiments  to  make  a  volume  of  25°'',  and 
in  other  experiments  100*^*,  was  allowed  to  stand  11  hours  in 
a  stoppered  bottle  and  the  iodine  set  free  was  titrated  by  tbio- 
sulphate.  After  the  titration  by  thiosulphate  the  mixture  was 
allowed  to  stand  still  longer,  and  16  hours  later  the  blue  starch 
iodide  color  which  had  developed  in  the  experiments  with  the 

*  Color  returned.  f  Air  over  liquid  replaced  by  carbon  dioxide. 

X  Loc.  cit. 
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of  lOO^'  was  destroyed  bj  thiosulphate.  No  more  color 
k1  on  standing.  The  resalts  of  these  experiments  are 
n  section  A  of  Table  V.  In  section  B  oi  Table  V  are 
d  experiments  in  which  the  mixtures  were  allowed  to 


im 
ite 

KI. 

grm. 

Volume 
of 
liquid, 
cm*. 

Table  V. 

Time 

of 

standing. 

hrs. 

A 

Atmos- 
phere 
above 
liquid. 

(NHOtSaO. 

calculated 

from  iodine 

found 

11  hours 

standing. 

grm. 

After 

standing 

the  number 

of  hours 

indicated  in 

the  fourth 

column. 

grm. 

1-0 

25 

26 

air 

0-1203 

0-1203 

1-0 

25 

26 

air 

0-1196 

01190 

1-0 

100 

26 

air 

0-1191 

0-1207 

10 

100 

26 

air 

0-1190 

0-1209 

1-0 

25 

B 
20 

air 

0-1211 

1-0 

25 

24 

air 

M       <B       W      M 

0-1213 

1-0 

100 

20 

air 

«      «»      W      W 

0-1211 

1-0 

100 

24 

air 

•       •       .      . 

0-1211 

1-0 

100 

24 

CO. 

»      «       M         • 

0  0000 

10 

25 

20 

CO. 

W      »      A      » 

0-1216 

1-0 

25 

25 

CO. 

«         ■       W      M 

0-1214 

1-0 

100 

20 

CO. 

M      W       »      * 

0-1212 

1-0 

100 

24 

CO. 



0-1217 

C 

: 

a,S04 1 :  1 
cm*. 

% 

1-0 

25 

25 

air 

1-0 

0*1248 

1-0 

100 

24 

air 

1-0 

0-1220 

1-0 

100 

24 

air 

1-0 

0-1226 

1-0 

25 

17 

CO. 

0-05 

01217 

1-0 

25 

24 

CO. 

0-05 

0-1212 

1-0 

25 

17 

CO. 

1-0 

0-1222 

1-0 

25 

23 

CO. 

1-0 

0-1223 

1-0 

100 

17 

CO. 

0-05 

0-1214 

1-0 

100 

24 

CO. 

0-05 

0-1214 

1-0 

100 

17 

CO. 

10 

0-1214 

1-0 

100 

24 

CO. 

1-0 

0-1219 

1-0 

100 

23 

CO. 

1-0 

0-1220 

1-0 

25 

20 

air 

1-0 

00014 

1-0 

100 

20 

air 

1-0 

0-0006 

1-0 

25 

24 

CO, 

10 

0-0011 

1-0 

100 

24 

CO 

1-0 

0-0003 
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stand  20-25  hoars,  the  air  about  the  liquid  in  some  experi- 
ments being  replaced  by  carbon  dioxide.  Though  carbon  di- 
oxide shows  no  tendency  to  liberate  iodine  in  the  blank  test, 
the  persulphate  appears  to  liberate  in  its  presence  a  little  more 
iodine  than  in  its  absence.  This  experience  naturally  suggests 
an  effect  of  acidity.  The  effect  of  the  presence  of  sulphuric 
acid  in  the  process  otherwise  conducted  as  described  by  Naraias 
was  therefore  tried,  the  air  over  the  liquid  being  replaced  by 
carbon  dioxide.  The  results  of  these  experiments  are  recorded 
in  section  C  of  Table  V. 

It  is  seen  from  the  experiments  conducted  as  described  by 
Namias  that  the  reduction  of  the  persulphates  in  the  time 
stated  by  Namias,  10-12  hours,  is  plainly  incomplete  unless 
the  volume  of  the  liquid  is  small.  If  the  experiments  are  con- 
ducted at  the  greater  dilution  the  time  of  standing  must  be 
increased  in  order  that  subsequent  standing  may  not  result 
in  the  return  of  color.  In  the  presence  of  sulphuric  acid 
more  iodine  is  liberated  than  in  its  absence,  and  the  amount  is 
greater  when  the  air  above  the  liquid  is  not  replaced  by  carbon 
dioxide,  and  when  the  volume  is  small.  The  amounts  of  iodine 
liberated  under  similar  conditions  in  blank  experiments  prove 
to  be  appreciable  and  naturally  greater  when  the  atmosphere 
above  the  liquid  is  air.  When  these  amounts,  averaging  the 
equivalent  of  0*0007  grm.  of  the  persulphate  when  the  atmos- 
phere is  carbon  dioxide,  and  about  0*0010  gram  when  the 
atmosphere  is  air,  are  deducted  from  the  actual  indication,  the 
figures  agree  well  with  those  found  for  the  same  amount  when 
sulphuric  acid  is  not  present.  Plainly,  the  addition  of  the  acid 
adds  nothing  to  the  regularity  and  value  of  the  process.  The 
value  of  12'5  cm*  of  the  persulphate  solution  obtained  by  the 
method  of  Namias  is  0-1208  grm. 

Arseniate — Iodide  Method. 

The  estimation  of  chlorates  is  accomplished  according  to 
Gooch  and  Smith*  by  allowing  a  mixture  containing  the 
chlorate,  a  definite  amount  of  standard  potassium  iodide  solu- 
tion, an  arseniate,  20*^'"  of  1:1  sulphuric  acid,  to  boil  from  a 
volume  of  about  lOO^'"'  to  35^™';  the  difference  between  the 
amount  of  iodine  required  to  oxidize  the  arsenious  acid  pro- 
duced and  the  amount  of  iodine  in  the  potassium  iodide  origi- 
nally present  being  the  measure  of  the  chlorate  taken.  It  is 
interesting  to  note  that  persulphates  can  be  estimated  in  a 
similar  manner.  Mixtures  containing  12*5^°^'  of  the  persulphate 
solution,  0*5  grm.   of  potassium  iodide,  2*3  grm.  of  hydrogen 

*  This  Journal  xlii,  220. 
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potasfiiam  arseniate,  and  20^'  of  1:1  snlpharic  acid,  and  water 
enough  to  make  the  total  volume  about  lOO*^',  were  boiled  in 
a  trapped  Erlenmeyer  beaker  until  the  volume  decreased  to 
35^',  and  the  arsenite  present  after  the  solution  was  made 
alkaline  with  potassium  bicarbonate  was  estimated  with  iodine. 
The  results  of  these  experiments  are  given  in  Table  VII. 


1 

Tabt*e  VII. 

Iodine 

AmmoDium 

persulphate 

solution. 

present. 

required 

for 
oxidation 
of  arsenite. 

Iodine 
liberated 

persulphate. 

(NHOaStO, 
equivalent 
to  iodine 
liberated. 

cm*. 

grm. 

grm. 

grm. 

grm. 

12-5 

01875 

0-0514 

0-1361 

0-1226 

12-6 

0-1876 

0-0522 

0-1362 

0-1217 

12-5 

0-1875 

0-0514 

0-1361 

0-1225 

12-6 

0-1875 

0-0516 

01369 

0-1222 

These  results  agree  closely  with  one  another  and  in  the  aver- 
age, 0-J222  grm.,  accord  well  with  the  results  of  the  process  of 
Griitzner  and  of  LeBlanc  and  Eckhardt. 

To  compare  the  values  obtained  for  the  persulphate  solution 
the  averages  of  the  results  obtained  by  the  different  methods, 
together  with  the  average  of  all  the  experiments,  are  given 
in  Table  VI. 

Tablb  VL 


Number  of 

Average  of  results. 

Process. 

experiments. 

grm. 

Mondolfo 

6 

01207 

Namias 

8 

0-1208 

LeBlanc  and  Eckhardt . . . 

12 

0-1217 

Grtltzner  (corrected) 

4 

0-1219 

Arseniate-iodide  method  . 

4 

0-1222 

Average  of  whole 


0-1213 


The  results  obtained  by  the  process  of  Mondolfo  and  the 
process  of  Namias,  both  of  which  involve  the  liberation  of 
iodine  from  potassium  iodide  and  the  titration  of  that  iodine 
by  thiosulphate,  are  practically  identical  and  lower  than  the 
results  obtained  by  the  other  three  methods.  The  results 
obtained  by  the  process  of  LeBlanc  and  Eckardt  in  which  the 
persulphate  is  reduced  by  a  ferrous  salt,  by  the  process  of 
Griitzner  in  which  an  arsenite  solution  is  the  reducing  agent, 
and  the  arseniate  iodide  method  in  which  the  persulphate  is 
determined  by  the  difference  between  the  amount  of  iodine  in 
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an  iodide  added  and  the  amount  necessary  to  oxidize  the  arsen- 
ite  remaining  after  boiling  the  solution,  are  all  in  quite  close 
agreement  and  are  all  higher  than  those  obtained  by  the  pro- 
cesses of  Namias  or  Mondolfo. 

It  is  readily  seen  that  the  results  of  the  experiments  obtained 
by  the  process  of  LeBlanc  and  Eckardt  are  nearer  the  average 
oi  the  results  of  all  the  methods  than  those  of  Namias  or  the 
similar  process  of  Mondolfo,  and  this  fact  would  show  that  the 
statements  of  Namias  regarding  the  inaccuracy  of  the  method 
of  estimating  persulphates  by  the  reduction  with  a  ferrous  salt 
is  without  foundation. 

The  process  of  I^Blanc  and  Eckardt  is  simple,  rapid  and 
convenient.  The  method  of  Griitzner  is  advantageous  in 
that  the  ordinary  arseni'te  solution  is  the  standard  for  the  pro- 
cess, but  requires  the  application  of  a  correction.  The  method 
of  Mondolfo  is  simple  and  fairly  rapid,  but  tends  to  give  low 
results.  The  method  of  Namias  is  slow  because  the  experi- 
ments must  stand  10  to  12  hours,  and  the  results  of  these  ex- 
[)eriment6,  like  those  obtained  by  the  method  of  Mondolfo,  are 
ower  than  the  results  obtained  by  the  other  methods.  The 
arseniate-iodide  method  introduced  as  a  control,  is  accurate 
but  less  simple  than  the  other  methods. 

We  wish  to  thank  Professor  F.  A.  Grooch  for  help  given 
during  the  progress  of  this  investigation. 
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Art.  XLI.  —  Studies  of  Eocene  Mammalia  in  the  Marsh 
Collection^  Peabody  Museum  ;  by  J.  L.  Wortman. 

[Continued  from  p.  296.] 

The  VertebroB. — ^Witli  the  exception  of  tlie  right  half  of  the 
atlas,  and  perhaps  more  than  half  of  the  eaudals,  the  vertebral 
column  is  present  in  its  entirety  ;  it  is  preserved,  moreover, 
very  nearly  in  its  natural  position,  with  the  vertebrae  inter- 
locked in  such  a  manner  that  there  can  be  no  doubt  whatever 
of  the  presacral  formula. 

The  atlas  bears  a  very  strong  resemblance  to  that  of  the 
felines.  The  transverse  process  is  proportionally  less  extended 
and  does  not  project  so  far  behind  the  facets  for  the  axis  ;  it  is 
emarginate  behind,  considerably  thickened,  and  pierced  by  the 
canal  for  the  vertebral  artery  much  as  in  the  cats.  The  ante- 
rior margin  of  the  process  displays  a  deep  notch,  in  which  the 
artery  wmds  forward  in  its  course  to  the  sinus  atlantis.  This 
latter  has  much  the  same  relative  size,  position,  and  relation  as 
in  the  felines.  The  cup-shaped  articular  facets  for  the  con- 
dyles are  large  and  roomy,  the  tnbercle  for  the  transverse 
ligament  prominent,  and  the  superior  arch  is  of  good  breadth. 

As  Scott  has  remarked  of  Mesonyx^  the  axis  exhibits  some 
peculiarities,  the  most  conspicuous  of  which  is  the  very  large 
backwardly  projecting  spine.  The  odontoid  is  rather  long  and 
conical,  the  atlantal  facets  are  large  and  slightly  convex,  the 
body  is  strongly  keeled,  and  the  transverse  process  long  And 
tapering.  The  spine  rises  high  above  the  body ;  it  projects 
comparatively  little  forward,  reaching  only  opposite  to  the  root 
of  the  odontoid,  but  posteriorly  it  is  produced  into  a  long 
tapering  process,  which  overhangs  nearly  the  entire  third  cer- 
vical. The  remaining  cervicals,  like  the  atlas  and  axis,  are 
Proportionally  stout  and  heavy,  evidently  in  relation  with  the 
irge  size  of  the  head.  Their  neural  spines  increase  rapidly  in 
height,  that  of  the  last  almost  equaling  in  length  that  of 
the  first  dorsal.  The  bodies  of  all  tlie  anterior  cervicals  have 
strong  inferior  keels  which  bifurcate  posteriorly  and  terminate 
in  two  long  protul)erances.  The  plan  of  arrangement  of  the 
transverse  processes  is  similar  to  that  of  the  Carnassidents. 
The  costal  processes  or  inferior  lamellae  are  small  in  the  ante- 
rior vertebr«B,  but  increase  rapidly  in  size  to  the  seventh.  The 
vertebra  promlnens  has  a  simple  transverse  process,  which  is 
not  perforated  by  the  vertebrarterial  canal. 

The  dorso-lumbar  formula  is  19,  as  in  the  Marsiipials, 
whereas  it  is  very  generally  20  among  the  Carnassidents.  There 
is  reason  to  believe  that  all  the  Creodouts  had  the  marsupial 
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rather  than  the  carnassident  formula.*  The  dorsals  are  twelve 
in  number,  and  of  these  the  neuml  spine  of  the  first  is  broad, 
flat,  and  greatly  elongated ;  it  is  the  longest  of  the  series,  those 
of  the  succeeding  vertebrae  gradually  decreasing  in  height  to 
the  eleventh  or  anticlinal  vertebra.  The  spines  have  a  very 
backward  slope  up  to  this  point,  where  they  change  abruptly 
to  a  forward  direction.  This,  as  far  as  I  am  aware,  is  the 
point  at  which  the  anticlinal  occurs  in  most  of  the  Camassi- 
dents.  On  the  eighth  dorsal,  metapophyses  make  their  appear- 
ance and  increase  in  size  posteriorly,  but  there  are  apparently 
no  representatives  of  the  anapophyses  developed. 

The  lumbars  are  seven  in  number;  they  iiave  short,  broad, 
neural  spines  and  heavy,  keeled  centra,  increasing  in  size  from 
before  backward  to  the  antepenultimate,  which  is  the  largest. 
The  transverse  processes  are  long  and  thin,  with  a  forward  and 
downward  direction.  The  zygapopliyses  are  powerful  and,  as 
Cope  has  observed,  are  closely  interlocking.  The  articulation 
is  effected  by  means  of  the  half-cylindrical  postzygapophyses 
fitting  into  half-cylindrical  prezygapophyses.  They  differ 
materially  from  those  of  some  other  Creodonts,  notably 
Patriofelis^  in  which  they  are  sigmoid  in  cross-section. 

The  sacrum  is  somewhat  damaged,  but  enough  remains  to 
show  that  the  auricular  process  was  large  and  rugose,  that  the 
spines  were  of  moderate  size,  and  that  there  were  very  prob- 
ably three  vertebrae  entering  into  its  composition.  It  is  rela- 
tively very  narrow.  The  caudals  are  much  weathered  and 
many  are  missing.  The  proximal  ones  are  short  and  propor- 
tionally but  little  larger  than  those  of  the  dog.  Those  from  a 
more  posterior  position  are  long  and  slender,  but  not  much 
more  so  than  tnose  of  many  oi  the  modern  Camassidents. 
There  is  no  means  of  iudging  of  the  length  of  the  tail,  but  in 
comparison  with  sucn  a  type  as  PatriqfeliSy  the  tail  was 
reduced  and  slender.  This  supposition  comports  well  with 
the  highly-developed  cursorial  habits  of  these  forms. 

Ribs  and  Sternum, — There  are  twelve  pairs  of  ribs,  and  for 
a  member  of  the  Carnivora,  the  anterior  ones  are  remarkably 
broad  and  flat ;  they  are,  indeed,  much  more  like  those  of  an 
Ungulate  than  a  Carnivore.  The  first  is  short  and  stout.  The 
third  is  the  broadest,  those  posterior  to  it  becoming  gradually 
narrower  to  the  eighth,  which  is  slender  and  subround  in  trans- 
verse section.  All  the  ribs  have  a  well-developed  tuberculum 
and  capitulum,  \vith  the  exception  of  the  last  three,  in  which 
the  tuberculwm  is  absent.  As  compared  with  that  of  the  dog, 
the  capacity  of  the  thoracic  cavity  was  apparently  considerably 
smaller.     Some  four  or  five  of  the  sternebrae,  figure  45,  are 

*  Ad  exception  to  this  muBt  be  made  in  the  case  of  Oxyosna  lupina,  in  which 
the  formula  is  the  same  as  in  the  Carnassidentia.  It  is  probablj  likewise  tme 
that  its  BuccesBor  PatriofeUa  had  the  same  formula.  * 


Marah  Collection^  Peabody  Muaeum. 


379 


preserved  with  the  skeleton,  but  not  being  in  place,  it  is  not 
absolutely  certain  just  how  they  should  be  arranged.  They 
are  so  strikingly  diflFerent  from  the  narrow  elongate  sternals  of 
any  of  the  modern  Carnivora,  that,  were  they  found  separately, 
one  would  scarcely  suspect  that  they  belonged  to  an  animal  of 
this  order.  On  comparison  with  tne  corresponding  bones  of 
the  Marsupials,  however,  especially  those  of  an  opossum, 
figure  46,  tney  are  seen  to  bear  a  very  decided  resemblance, — 
so  marked,  in  fact,  that  I  have  no  hesitancy  in  arranging  them 
after  this  species.     The  presternal  piece  is  missing  as  well  as 


45 


46 


Figure  46. — Ventral  view  of  the  sternum  of  Dromocyon  voraz  Marsh ;  one- 
fourth  natural  size.    (Type.) 

Figure  46. — Ventral  view  of  the  sternum  of  an  opossum,  Didelphys  virginana  ; 
natural  size. 

the  xiphisternum,  but  apparently  all  the  mesoeternal  segments 
are  represented.  The  anterior  one  of  these  is  long  and  narrow, 
but  the  succeeding  ones  widen  rapidly  and  become  chamcteris- 
tically  broad  and  flat.  There  is  evidence  of  five  of  these  pieces, 
the  last  being  the  widest,  as  in  the  opossum.  This  latter  seg- 
ment has  a  thickened  ventral  keel  which  is  confined  to  the 
posterior  end ;  its  truncated  extremity  furnishes  a  thickened 
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base  for  articulation  with  the  xiphisternum.  This  decided 
marsupial  aspect  of  the  sternum  adds  but  another  character  to 
the  already  full  list  of  osteological  features  in  which  the  two 
groups  resemble  each  other. 

Fore  Limh. — The  scapula  bears  a  general  resemblance  to 
that  of  the  felines.  A  prominent  spine  divides  the  external 
surface  into  two  subsequent  fossae,  and  terminates  proximally 
in  a  rather  short  blunt  acromion.  The  metacromion  is  not  a 
distinct  process,  as  in  the  cats,  but  consists  of  a  more  or  less 
distinct  lamina  overhanging  the  glenoid  border.  The  neck  of 
the  bone  is  relatively  longer  than  that  of  either  the  dog  or  the 
cat.  The  glenoid  cavity  is  oval  and  rather  shallow,  and  the 
coracoid  is  small.  The  coracoid  border  is  much  curved  and  is 
interrupted  by  a  very  wide  superscapular  notch.  The  glenoid 
border  is  straight  and  much  thicker  than  the  coracoid  border. 
The  area  for  the  origin  of  the  teres  major  is  very  distinct, 
being  separated  by  a  well-defined  ridge  from  the  main  part  of 
the  posterior  fossa. 

Lying  immediately  beneath  the  glenoid  cavity,  imbedded  in 
the  matrix,  was  found  a  small  splint-like  bone,  which  without 
doubt  represents  the  clavicle ;  it  apparently  has  an  articular 
surface  at  one  end,  probably  for  contact  with  the  acromion. 
The  bone  is  broken  so  as  not  to  display  its  full  length,  but, 
judging  from  its  size,  it  is  hardly  probable  that  it  reaciied  the 
manubrium.  It  appears  to  resemble  the  clavicle  of  the  Dasyure 
more  than  that  of  any  of  the  living  Carnivores. 

The  humeri  are  both  considerably  crushed  in  the  proximal 
half  of  their  extent,  and,  on  this  account,  do  not  display  the 
characters  of  this  region  very  distinctly.  The  head  is  very 
convex  from  before  backward  and  somewhat  pointed  behind. 
The  greater  tuberosity  is  prominent  and  extends  above  the 
level  of  the  head ;  the  postero-external  border  is  drawn  out 
into  a  broad  laminate  process,  which  reaches  well  backward. 
The  lesser  tuberosity  is  prominent,  and  there  is  a  broad  shallow 
bicipital  groove.  The  character  of  the  deltoid  crest  is  much 
obscured  on  account  of  the  crushing,  but  it  appears  to  be  con- 
siderably reduced  from  the  more  primitive  Creodont  condition. 
The  distal  end  resembles  that  of  tne  dog  more  closely  than  that 
of  any  other  living  mammal ;  it  is  much  compressed  from  side 
to  side — more  so  than  in  the  dog, — the  external  condyle  i$  little 
protuberant,  and  the  supinator  ridge  is  much  reduced.  The 
internal  condyle  projects  behind  and  slightly  below  the  edge  of 
the  trochlea,  and  is  separated  from  it  inf eriorly  by  a  deep  notch. 
The  anconeal  and  anticubital  fossae  are  very  deep,  and  are 
placed  in  communication  with  each  other  by  means  of  a  large 
supertrochlear  foramen.  There  is  noentepicondylar  foramen. 
The  distal  articular  surface  is  divided  by  a  very  distinct 
rounded  ridge  into  capitular  and  trochlear  portions,  both  of 
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which  are  very  concave  from  aide  to  Bide,  and  convex  from 
before  backward.  In  its  transverse  concavity,  the  capitulnm 
differs  from  that  of  the  dog,  in  whicli  it  is  nearly  flat.  The 
bumerns  and  scapula  are  of  neafly  equal  length. 

The  ulna,  figure  47,  differs  from  tliat  of  the  doe  in  being 
shorter,  heavier,  and  stouter  in  every  way.     The  olecranon  is 
of  great  proportional  length,  and  in 
this   respect,   like    so    many   other  ^' 

Creodonts,  betrays  its  marsupial  re- 
lationship. The  proximal  end  is 
traversed  by  a  vertical  groove,  the 
inner  or  radial  lip  of  which  is  un- 
usually prominent.  The  sigmoid 
cavity  is  deep  ;  its  posterior  wall  is 
hook-shaped,  and  considerably  over- 
hangs the  articular  surface.  The 
shaft  is  somewhat  flattened  from 
side  to  side  and  is  traversed  by  a 
deep  longitudinal  groove.  The  sty- 
loid process  is  rather  short  and 
obtuse. 

The  radins,  figure  47,  is  about 
equal  to  that  of  the  dog  in  size, 
although  somewhat  shorter;  it  is 
not  quite  as  long  as  the  liunienis, 
and  is  a  little  longer  than  the  fore 
foot.  The  proximal  articular  sur- 
face is  flattened  from  before  back- 
ward, and  the  proximal  extremity 
articulates  with  the  entire  distal  end 
of  the  humerus.  This  surface  may 
be  described  as  having  a  central 
concavity,  with  a  rounded  sloping 
edge  internally,  and  an  anteriorly 
beveled  articular  face,  occupying 
the  antero-external  angle.  The  ar- 
ticular surface  for  the  ulna  is  much 
flattened  as  in  the  dog,  and  is  con- 
fined entirely  to  the  under  side,  so 
that  the  power  of  pronation  and 
aapination  was  not  greater  than  in 
the  living  Canidee.  The  tubercle 
for  the  insertion  of  the  biceps  is 
placed  upon  the  outside,  just  Iwlow 
the  proximal  extremity,  as  in  the 
dog,  and  is  small.  The  shaft  is  oval 
in  transverse  section,  slightly  curved, 
and  has  a  well-marked  ridge  upon  its 


FmuBi47,— Riftbl  ulna  ■□(] 
radius  of  Dromocyrra  wrax 
iSanb;  front  view:  ooe-balf 
natural  size.     (Type.) 

The  ratlius  in  rFpresented  it 
slipped  doirn  below  its  nalural 
poailion . 
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inner  border.  The  distal  extremity  is  enlarged,  rngose,  flat- 
tened from  before  backwards,  and  presents  many  snlci  for  tlie 
passage  of  tendons.     The  articular  surface  is  concave  in  both 


FiQOBB  *8. — Right  msDUB  of  Dromoeyon  vorax  Marsh;  front  viow;  tlirw> 
fourths  natural  sizo.    (Type.) 

c,  cuaeiforni;  u.  unciForm;  m,  niagniim;  tm,  trapezium;  id,  trapeioid;  t, 
scaphoid;  «,ceDCrale;  J,  lunar;  p,  piairorm;  III,  phalangea  of  third  digit. 

directions,  and  is  divided  by  a  distinct  fore  and  aft  ridge  into 
an  outer  and  an  inner  facet  for  contact  with  the  scaphoid  and 
lunar,  respectively. 

[To  be  continued.] 
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.  XLII. — The  Ca/rboniferou9  a/nd  Permian  Age  of  the 
ed  Beds  of  Eastern  dklahomxi  from  Stratigraphic  Eoi- 
nee;  bj  (Jeorge  I.  Adams. 

^blished  bj  permission  of  the  Director  of  the  U.  S.  Oeological  Surrey.] 

Anions  opinions  have  been  expressed  from  time  to  time 
erning  the  age  of  the  Red  Beas  of  Oklahoma.  Bj  some 
have  been  called  Triassic  and  by  others  Permian,  bat 
use  of  the  general  absence  of  fossils  and  the  lack  of  strati- 
hie  work  they  have  remained  an  uncertain  ^oop.  Collec- 
.  of  fossils  made  by  0.  N.  Gould  at  White  Horse  Springs, 
en  miles  west  of  Alva,  from  the  Red  Bluff  formation  of 
in,  situated  one  hundred  feet  or  more  above  the  gypsum 
28,  have  been  determined  by  Schuchert  and  Beede  as  Upper 
oian  forms.*  Vertebrate  remains  from  Orlando  in  Logan 
ity  and  from  Hardin  in  Kay  County,  although  not  fully 
ed,  are  considered  by  S.  W.  Williston  as  equivalent  to 
j's  Lower  Permian  fauna  from  the  Wichita  beds  of  Cum- 
in northern  Texas.f  The  writer  has  recently  done  some 
igraphic  work  which  has  a  direct  bearing  on  the  problem 
le  Red  Beds,  and  it  is  believed  that  it  supplies  a  correct 

[^rotation  of  the  beds  and  furnishes  a  basis  for  future 
ed  study  of  them. 

tracing  the  outcrops  of  the  limestone  formations  of  the 
oniferous  of  Kansas,  the  writer  observed  that  in  going 
iward  there  is  a  gradual  transition  in  the  character  of  the 
nents  to  those  which  are  more  arenaceous,  and  that  there 
;hickeningof  the  shales  and  sandstones  and  a  thinning  and 

disappearance  of  some  of  the  limestones.  Moreover,  in 
•ibing  the  shales  of  the  higher  portion  of  the  Carboniferous 
the  lower  portion  of  tlie  Permian,  the  occurrence  of 
lish  and  maroon  colored  shales  was  noted.  The  signiti- 
3  of  these  observations  was  not  fully  known,  since  the  work 
e  Kansas  survey  was  limited  by  the  State  line.  In  study- 
he  oil  and  gas  fields  of  Kansas  and  Indian  Tofritory,:]:  the 
jr  traced  to  the  southwestward  the  extension  of  the  out- 

of  the  Fort  Scott  limestone  from  the  southern  border 
[ansas  into  Indian  Territory.  It  extends  from  west  of 
opa  in  Kansas  to  Chelsea,  Claremore  and  Catoosa,  and 
36  to  the  Arkansas  river  west  of  Weer,  when  it  becomes 
ispicuous.  The  horizon  as  marked  by  the  associated  sand- 
8    was   followed  to  a   point    between     Holdenville   and 

*  Amer.  Geologist,  vol.  xx.  No.  1,  p.  46. 

+  Article  Dot  yei  published. 

X  Forthcoming  Bulletin  U.  S.  Geol.  Survey. 
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Wewoka.  This  made  possible  the  correlation  of  the  Kansas 
section  of  the  Carboniferous  with  the  Indian  Territory  section 
thus  far  worked  out  by  Mr.  Joseph  A.  TaflE  and  the  writer.* 
It  appears  that  there  are  in  the  Choctaw  Nation  9,000  feet  of 
shales  and  sandstones  above  the  lowest  productive  coal,  which 
are  lower  than  the  Fort  Scott  limestone  and  its  equivalent, 
while  in  southeastern  Kansas  there  are  but  450  feet  of  shales 
and  sandstones  between  the  Fort  Scott  limestone  and  the  Missis- 
sippian  or  Lower  Carboniferous.  It  will  be  observed  that  the 
line  of  outcrop  of  the  limestone  as  above  traced  diagonals  the 
divisions  of  the  Coal  Measures  as  drawn  by  N.  F.  Drakef  and 
the  horizon  extends  into  the  area  which  he  erroneously  called 
Permian. 

The  results  of  tracing  this  horizon  strengthened  the  writer's 
conviction  that  similar  work  in  the  higher  portion  of  the  sec- 
tion would  determine  the  relation  of  the  Red  Beds  to  known 
formations  in  Kansas,  and  in  June  a  trip  was  made  through 
the  Osage  Nation  into  Oklahoma.  The  previous  geological 
work  which  had  been  done  in  this  locality  by  Drake  and  bv 
Gould  consisted  of  sections  across  the  rocks  and  did  not  permit 
of  accurate  correlations. J  The  formation  which  was  selected 
to  be  traced  is  the  limestone  described  in  the  writer's  field 
notes  as  the  Elk  Falls.§  It  occurs  about  700  feet  below  the 
base  of  the  Permian  as  determined  by  Prosser.  It  was  chosen 
because,  from  its  thickness  and  its  relation  to  the  adjacent  for- 
mations, it  was  believed  that  it  would  be  found  persistent  for 
a  considerable  distance  south  west  ward.  The  line  of  its  outcrop 
was  followed  from  near  Hewins,  Kansas,  and  it  was  found  to 

fass  just  west  of  Pawhuska,  where  it  is  the  equivalent  of  the 
'awhuska  limestone,  named  by  J.  P.  Smith,!  and  mentioned 
in  the  sections  by  Drake  and  Gould.  In  southern  Kansas, 
there  are  two  heavy  ledges  of  limestone  separated  by  shales. 
In  the  Osage  Nation,  although  it  has  not  been  previously  so 
noted,  there  are  three,  all  of  which  are  persistent  as  far  as  the 
Arkansas  river,  although  considerably  thinner  southward.  The 
line  of  outcrop  crosses  the  Arkansas  river  at  Blackburn  and 
continues  to*  Ingalls,  where  it  is  the  same  as  the  limestones 
mentioned  by  Gould  in  his  section  made  east  of  that  place. 
Southwest  of  Ingalls  the  limestone  becomes  thinner.  Its  strike 
will  carry  it  across  the  Cimarron  river  near  Perkins.  From 
Ingalls  the  route  followed  by  the  writer  was  to  Ripley  and 
thence  to  Chandler.     In   traveling  southward,  the  shales  and 

*  Coalgate  Folio,  IT.  S.  Geol.  Survej. 

f  Proc.  Amer.  PhUos.  Soc.,  vol.  xzxvi,  p.  326. 

i  This  Journal.  March,  1901,  p.  185. 

§  Vide  vol.  iii,  Kans.  Univ.  Geol.  Surv. 

I  Jour.  Geol.,  vol.  ii,  p.  199. 
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Bandstonea  associated  with  the  limestones  were  seen  to  become 
gradaall;  redder  in  color.  Sonth  of  the  Arkansas  rirer  they 
■re  typical  Bed  Beds,    In  going  from  Ingatle  to  Chandler  and 


Strond,  one  passes  over  formations  which  are  ranch  lower  geo- 
loKically,  and  they  are  likewise  red  in  color. 

It  appears,  therefore,  that  rocks  in  Eastern  Oklahoma  which 
have  been  referred  to  the  Red  Beds  on  litlioiogie  gronnds,  are 
in  part  of  Upper  Carboniferons  or  Coal  Measure  age.  The 
seditnentation  from  the  CarbnniferouB  into  the  Permian  is  an 
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nnbroken  sequence.  From  what  is  known  of  the  Permian 
limestones  of  Kansas,  they  will  be  found,  when  followed  south- 
ward, to  diminish  in  thickness^  and  this  change  will  be  accom- 
panied by  a  transition  to  more  sandy  beds.  This  is  in  accord- 
ance with  the  observations  made  by  Mr.  Gould.  The  age  of 
that  portion  of  the  Bed  Beds  which  is  in  strike  with  the 
Permian  of  Kansas  may  confidently  be  expected  to  be  found 
to  be  of  Permian  age.  This  is  in  accordance  with  the  evidence 
already  furnished  by  the  vertebrate  fossils.  Above  the 
Permian  limestones  in  Kansas  occur  the  Wellington  shales, 
which  are  bluish  and  greenish  gray  in  color.  They  are  prob- 
ably represented  southwestward  by  formations  which  are  red. 
The  succeeding  formations  are  typical  Red  Beds,  and  have 
thus  far  yielded  only  Permian  fossils.  Upon  the  accompany- 
ing map  (p.  385)  the  approximate  line  of  transition  in  color  has 
been  drawn  with  the  purpose  of  showing  that  it  is  diagonal  to 
the  strike  of  the  Carboniferous  and  Permian  formations. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  A  New  Method  for  Producing^  Aniline  and  the  Analogous 
Bases, — It  has  been  found  by  Sabatibr  and  Sbndbbbns  that  free 
hydrogen,  acting  at  a  slightly  elevated  temperature  in  the  pres- 
ence of  certain  finely-divided  metals,  is  capable  of  attacning 
itself  to  the  molecules  of  a  number  of  unsaturated  organic  com- 
pounds, and  that  this  method  of  hydrogenation  is  capable  of 
very  readily  transforming  nitro-benzol  and  analogous  nitro-com- 
pounds  into  aniline  and  the  corresponding  bases.  Copper  (pre- 
pared by  the  reduction  of  its  oxide)  at  a  temperature  of  about 
300^  to  400°  acts  rapidly  upon  a  mixture  of  nitro-benzol  and 
hydrogen,  the  latter  being  in  excess.  The  reaction  is  prac- 
tically complete,  the  aniline  is  almost  colorless,  and  the  metal  is 
not  altered  by  continued  use.  Nickel  acts  even  more  readily 
than  copper,  and  it  may  be  used  for  this  reaction  at  about  200°  ; 
but  it  is  liable  to  cause  an  excessive  fixation  of  hydrogen,  for  at 
250°  some  ammonia  and  benzol  are  formed,  while  at  300°,  with  a 
large  excess  of  hydrogen,  methane  and  ammonia  are  the  chief 
products.  Platinura-blacksponge,  and  platinized  asbestos  effect 
the  reduction  of  nitro-benzol  and  similar  bodies  at  a  temperature 
of  about  230°-210°.  Water-gas  or  purified  illuminating-gas  may 
be  substituted  for  hydrogen  in  these  reductions;  in  fact,  in  the 
case  where  copper  is  used,  carbon  monoxide  takes  part  in  the 
reaction,  being  oxidized  to  carbon  dioxide  to  a  considerable 
extent.  In  view  of  the  cheapness  of  water-gas,  it  is  expected 
that  this  method  will  find  practical  application  in  the  manufac- 
ture of  aniline,  in  place  of  the  customary  reduction  in  the  wet 
way  by  means  of  a  metal  and  an  acid. —  Comptes  RenduSy  cxxxiii, 
321.  H.  L.  w. 

2.  On  the  Existence  of  Ammonium, — An  unsuccessful  attempt 
to  isolate  ammonium  has  been  made  by  Otto  Ruff.  In  the  first 
place,  potassium  iodide  was  dissolved  in  liquified  ammonia  in  a 
cell  which  branched  into  two  compartments  at  the  bottom,  and 
an  electric  current  was  passed  through  the  liquid  by  means  of 
platinum  wires  which  passed  through  the  bottoms  of  the  two 
branches,  the  cell  being  kept  at  a  temperature  of  —  V0°.  Under 
these  conditions  very  small  drops  of  a  liquid  having  a  metallic 
appearance  with  the  color  of  copper  were  formed  at  the  negative 
pole,  and  these  dissolved  in  the  ammonia,  giving  the  intense  blue 
color  which  potassium-ammonium,  KNII,,  is  known  to  give. 
Similar  experiments  were  then  conducted  with  ammonium  iodide 
in  place  ox  the  potassium  iodide,  but  in  this  case. hydrogen  was 
continually  given  off,  and  no  blue  color,  nor  any  other  evidence 
of  the  formation  of  ammonium,  was  observed.  The  last  experi- 
ment was  repeated  with  a  closed  cell  so  that  the  evolved  hydro- 
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gen  would  produce  a  high  pressure ;  but  even  at  a  calculated 
pressure  of  60  atmospheres  the  appearance  of  the  products  did 
not  change.  These  experiments  indicate  that  free  ammonium  is 
incapable  of  existence  even  at  —70°  and  at  a  high  pressure. — 
JSerichte,  xxxiv,  2604.  h.  l.  w. 

3.  A  Modified  Gooch- Crucible. — W.  C.  Hbbasus  is  manufac- 
turing filtering  crucibles,  the  bottoms  of  which  are  made  of 
spongy  platinum.  This  device  was  suggested  to  the  manufac- 
turer by  Dr.  Neubauer  of  Breslau  and  is  called  the  Neubauer 
crucible.  It  is  stated  that  the  porous  bottom  is  strong,  and  that, 
with  reasonable  care,  precipitates  may  be  scraped  off  with  a 
spatula.  The  crucible  filters  rapidly  with  a  good  suction-pump, 
and  yet  retains  the  finest  precipitates,  such  as  freshly  precipitated 
barium  sulphate  and  silver  chloride.  Such  exceedingly  fine  pre- 
cipitates and  gelatinous  ones,  however,  soon  form  a  layer  through 
which  the  liquid  cannot  pass,  so  that  this  modification  has  the 
same  limitations  in  filtering  as  the  ordinary  Gooch-crucible  where 
an  asbestos  filter  is  used.  The  Neubauer  crucible  possesses  the 
disadvantage  that  it   cannot  be  used  for  filtering  and  igniting 

Precipitates  which  cannot  be  dissolved  out  of  the  porous  platinum, 
t  is  stated  that,  on  this  account,  barium  sulphate  should  not  be 
weighed  in  these  crucibles  ;  but,  since  this  substance  is  readily 
soluble  in  hot,  concentrated  sulphuric  acid,  there  is  no  doubt  that 
it  would  present  no  obstacle  to  a  chemist  acquainted  with  the 
proper  solvent.  The  advantages  of  nearly  constant  weight,  and 
of  the  possibility  of  dissolving  precipitates  in  hydrofluoric  acid, 
appear  to  be  the  chief  reasons  for  using  the  new  device  in  prefer- 
ence to  the  customary  one. — Zeitschr,  filr  angewandte  Chemie^ 
xxxvii,  923.  H.  L.  w. 

4.  Radio-active  Lead, — It  has  been  mentioned  previously  in 
this  department  of  the  Journal  that  Hofmann  and  Stbauss  have 
obtained  radio-active  lead  salts  from  various  rare  minerals.  These 
authors  have  recently  described  further  investigations  upon  the 
subject,  and  are  still  of  the  opinion  that  this  radio-active  sab- 
stance  differs  in  many  respects  from  ordinary  lead  in  its  chemical 
behavior,  but  they  have  not  yet  obtained  it  in  a  pure  state.  They 
find  that,  while  the  various  salts  of  radio-active  lead  have  nearly 
the  same  action  upon  the  electroscope,  only  the  sulphate  is 
capable  of  acting  upon  the  photographic  plate  through  glass  or 
aluminum  ;  moreover,  the  sulphate  becomes  particularly  active 
in  the  latter  respect  after  having  been  evaporated  with  nitric  and 
sulphuric  acid.s,  or  after  having  been  ignited  at  450°  for  15  hoars 
with  access  of  air.  It  appears  also,  that  while  radio-active  lead 
sulphate  acts  more  energetically  upon  the  photographic  plate 
than  certain  polonium  (radio-active  bismuth)  preparations,  the 
latter  have  a  much  greater  action  in  discharging  the  electroscope. 
The  authors  believe  that  it  follows  from  this  that  the  rays 
detected  by  photographic  means  are  not  identical  with  those 
which  produce  electric  discharges. — JBerichte^  xxxiv,  3033. 

n.  L.  w. 
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5.  A  Salt  of  Quadrivalent  Antimony, — It  has  been  found  by 
Wells  and  Mxtzger  that  the  black,  or  rather  very  dark  blue, 
salt,  CSjSbCl,,  which  was  described  by  Setterberg*  in  1882  as 
crystallizing  in  short  prisms,  is  really  octahedral  in  form,  and 
that  it  crystallizes  isomorphously  with  Cs^PbCI,,  giving  crystals 
of  various  shades  of  green  when  mixed  with  this  yellow  salt. 
The  octahedral  form  is  characteristic  of  a  large  number  of  double 
chlorides  of  quadrivalent  elements,  like  K  PtCl, ;  hence  it  is 
probable  that  Setterberg's  salt  contains  antimony  tetrachloride. 
Attempts  were  made  to  prepare  SbCl,,  or  to  find  some  evidence 
of  its  existence,  but  without  success.  It  should  be  black  in  color, 
and  the  oxide  corresponding  to  it  should  be  black  also  ;  hence  it 
is  probable  that  the  well  known  oxide  SbO,,  being  white,  does 
not  correspond  to  the  tetrachloride.-7-^wi«r.  Cheyn,  Jour.^  xxvi, 
268.  H.  L.  w. 

6.  A  New  Method  for  the  Gravimetric  Determination  of  Tel- 
luriuni, — Gutbier  has  found  that  hydrazine  hydrate  and  the  salts 
of  this  base  readily  precipitate  tellurium  quantitatively  from 
solutions  of  all  tellurium  compounds,  and  he  highl}^  recommends 
this  method  for  the  determination  of  this  element.  The  precipi- 
tation is  ma(fe  in  a  nearly  neutral  or  in  a  hydrochloric  acid  solu- 
tion, and  the  precipitated  metal  is  made  ilocculent  before  filtering 
by  boiling  the  liquid.  It  is  remarkable  to  notice  that  the  author 
recommends  weighing  the  tellurium  on  a  paper  filter,  since  the 
Gooch-filter  is  far  better  adapted  for  the  purpose.  The  test- 
analyses  given  are  satisfactory. — Berichte,xxx\y,  2724.     h.  b.  w. 

7.  Diffvsion  of  Hydrogen  through  Palladium. — The  depend- 
ence of  this  diffusion  upon  pressure  of  the  diffusing  gas  is  the 
subject  of  a  study  by  A,  Wtnkelmann.  It  was  found  that  the 
quantity  of  hydrogen  which  diffuses  through  glowing  palladium 
is  not  proportional  to  the  pressure  of  the  hydrogen.  With 
diminishing  pressure  the  quantity  of  gas  is  greater  than  this 
supposition  demands.  If  one  supposes  that  a  dissociation  of 
hydrogen  occurs,  and  that  the  diffusing  quantity  is  proportional 
to  the  pressure -of  the  dissociated  molecules,  then  the  facts  can 
be  sufficiently  explained.  It  is  evident  on  this  supposition  that 
only  the  atom  and  not  the  molecule  of  hydrogen  passes  through 
the  glowing  palladium. — A7t7i.  der  Physik.,  No.  9,  1901,  pp.  104- 
115.  J.  T. 

8.  Cathode  Rays, — The  emission  theory  of  these  rays  appears 
to  be  the  prevailing  one,  at  least  in  Germany.  W.  Seitz  has 
undertaken  a  study  of  the  questions,  what  is  the  action  between 
the  emission  particles  and  the  material  atoms  or  molecules  in  case 
that  the  latter  can  be  considered  at  rest  in  compjirison  witli  the 
great  velocity  of  the  rays,  whether  one  has  to  deal  with  fric- 
tional  forces  or  conservative  forces,  and  whetlier  attraction  or 
repulsion  is  exerted.  For  the  study  of  these  questions  there 
appear  to  be  two  ways  open  :  the  study  of  reflection  and  that 
of  the  phenomena  presented  by  the  passage  of  the  rays  through 
thin  membranes.     It   was  found  that  the  cathode  rays  are  dif- 
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fusively  reflected  from  metal  surfaces  connected  to  the  earth. 
With  ahirainum,  zinc,  iron,  and  copper,  the  maxiraum  of  intensity 
of  the  reflected  rays  was  displaced  toward  the  mirror.     While 
with   platinum,   silver,   and  gold,  the  reflection   was  strongest 
in  a  direction  between  that  of  the  incidence  ray  and  the  normal  to 
the  metal  surface.     In  the  case  of  the  first  class  of  metals  the 
reflection  increases  with  the  angle  of  incident ;  and  with  the  last 
class   diminishes.      At   perpendicular   incidence    the     reflective 
power  increases  with  the  atomic  weight.     Zinc  departs  slightly 
from  this  law.     The  absorption  of  cathode  rays  in  thin  plates  is 
independent  of  the  tension.     The  absorption-coefficient  increases 
with  the  thickness  of  the  window  through  which  the  rays  pass. 
Lenard's  law  that  thin  plates  of  different  metals,  having  equal 
masses  per  unit  of  surface,  absorb  the  same  fraction  of  the  inci- 
dent rays,  is  only  a  first  approximation.     The  increase  of  the 
absorption-coefficient,  with  the  thickness  of  the  window,  cannot 
be   explained   by  the  assumption  that  the   electrons  lose  their 
velocity  by  friction   with  the  molecules  and  are  then  absorbed, 
for  no  difference  is  observed  between  the  magnetic  and  electric 
deflection  of  the  rays  in  the  case  where  they.  pass,  direct  from 
the  cathode,  or  in  the  case  where  they  have  passed  through  an 
aluminum  window.     Moreover,  the  rays  emerging  obliquely  from 
the  window  behave  in  the  same  manner  as  those  emerging  along 
the  normal  to  the  window.     The  following  values  were  obtained: 

V  =  0-703 .  lO*';    —  =  0-646 .  \Q\—Ann.  der  Fkyeik,  No.  9,  1901, 

vi 

pp.  1-33.  J.  T. 

9.  Photography  of  the  Infra- Red  Spectra  of  the  Alkali-metaU. 
— H.  Lehmann  describes  the  method  of  sensitizing  plates  for  the 
red  portion  of  the  spectra,  and  adopted  Burbanks'  sensitizing 
bath,  which  is  constituted  as  follows  : 

Distilled  water 160*^"* 

Cyanine  solution  (Burbanks) V 

Ammonia  (sp.  gr.  0*9 1) 1^ 

Silver  nitrate  (1  :40) 5  drops 

This  enabled  the  author  to  photograph  the  spectra  of  glowing 
metallic  paper  as  far  as  1000  fifi.  The  arrangement  of  spectrum 
apparatus  is  fully  described.  Five  new  lines  of  rubidium  and 
nine  of  caesium  were  discovered. — Ann.  der  Physik^  No.  7,  pp* 
633-668.  J.  T. 

10.  Ether  and  Gravitational  Matter  through  Infinite  Space.-- 
In  the  course  of  an  article  on  this  subject,  Lord  Kelvin  thus 
remarks  upon  the  old  hypothesis  that  if  we  could  see  far  enough 
into  space  the  whole  sky  would  be  seen  occupied  with  discs  of 
stars  all  of  perhaps  the  same  brightness  as  our  own  sun,  and  that 
the  reason  why  the  whole  of  the  night  sky  and  day  sky  is  not  as 
bright  as  the  sun's  disc,  is  that  light  suffers  absorption  in  travel- 
ing through  space. 
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*^  Now  we  have  irrefragable  dynamics  proving  that  the  whole 
life  of  oar  sun  as  a  luminary  is  a  very  moderate  number  of 
million  of  years,  probably  less  than  50  million,  possibly  between 
50  and  100  million  !  To  be  very  liberal,  let  us  give  each  of  our 
stars  a  life  of  a  hundred  million  years  as  a  luminary.  Thus  the 
time  taken  by  light  to  travel  from  the  outlying  stars  of  our 
sphere  to  the  center  would  be  about  three  and  a  quarter  million 
times  the  life  of  a  star.  Hence  if  all  the  stars  through  our  vast 
sphere  commenced  shining  at  the  same  time,  three  and  a  quarter 
million  times  the  life  of  a  star  would  pa«ts  before  the  commence- 
ment of  light  reaching  the  earth  from  the  outlying  stars,  and  at 
no  one  instant  would  light  be  reaching  the  earth  from  more  than 
an  excessively  small  proportion  of  all  the  stars.  To  make  the 
whole  sky  aglow  with  the  light  of  all  the  stars  at  the  same  time 
the  commencement  of  the  different  stars  must  be  timed  earlier 
and  earlier  for  the  more  and  more  distant  ones  so  that  the  time 
of  the  arrival  of  the  light  of  every  one  of  these  at  the  earth 
may  fall  within  the  durations  of  the  lights  at  the  earth  of  all  the 
others." — Phil.  Mag.,  August,  1901,  pp.  161-1 77.  j.  t. 

11.  Nineteenth  Century  Cloud  over  the  Dynamical  Tfieory  of 
Seat  and  Light, — Lord  Kelvin  classifies  the«e  clouds  as  fol- 
lows :  Cloud  I.  Relative  motion  of  ether  and  ponderable  bodies. 
Lord  Kelvin  discusses  the  various  theories  in  regard  to  the  con- 
stitution of  the  ether,  and  in  the  course  of  this  discussion  remarks 
upon  the  suggestion  of  Fitzgerald  and  of  Lorenz,  that  the  motion 
of  ether  through  matter  may  slightly  alter  its  linear  dimensions — 
"according  to  which  if  the  stone  slab,  constituting  the  sole  plate 
of  Michelson  and  Morley's  apparatus,  had  in  virtue  of  its  motion 
through  space  occupied  by  the  ether,  its  linear  dimensions  short- 
ened one  one-hundred-millionth  in  the  direction  of  motion — the 
result  of  the  experiment  would  not  disprove  the  free  motion  of 
ether  through  space  occupied  by  the  earth."  The  author  still 
regards  cloud  I  as  very  dense.  Cloud  II  arises  from  a  proposition 
first  enunciated  by  Waterston,  which  is  as  follows : 

"  In  mixed  media  the  mean  square  molecular  velocity  is 
inversely  proportional  to  the  specific  weight  of  the  molecule. 
This  is  the  law  of  the  equilibrium  of  y««  vtua."  Without  any 
knowledge  of  the  paper  of  Waterston,  Maxwell,  in  1859,  enunci- 
ated the  following  proposition  :  "Two  systems  of  particles  move 
in  the  same  vessel  :  to  prove  that  the  mean  vis  viva  of  each  parti- 
cle will  become  the  same  in  the  two  systems."  This  is  also 
Waterston's  proposition  regarding  the  law  of  partition  of  energy. 
Lord  Kelvin  does  not  regard  either  the  proof  of  Waterston  or 
that  of  Maxwell  successful.  The  subsequent  theorems  of  Bollz- 
mann  and  Maxwell  in  regard  to  the  equality  of  mean  kinetic 
energies,  are  also  criticised.  Lord  Kelvin,  after  an  exhaustive 
criticism  of  the  Boltzmann  and  Maxwell  law,  quotes  Lord  Kay- 
leigh's  remarks  on  the  difiiculties  connected  with  the  application 
of  the  law  of  equal  partition  of  energy  to  actual  gases  (Phil. 

Ax.  Jour.  Soi.~Fourth  Series,  Vol.  Xll,  No.  71. — November,  1901. 
27 
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Mag.,  Jan.,  1900),  and  remarks  upon  the  sentence,  "  What  would 
appear  to  be  wanted  is  some  escape  from  the  destructive  sim- 
plicity of  the  general  conclusions."  "The  simplest  way  of 
arriving  at  this  desired  result  is  to  deny  the  conclusion,  and  so, 
in  the  beginning  of  the  twentieth  century,  to  lose  sight  of  a 
cloud  which  has  obscured  the  brilliance  of  the  molecular  theory 
of  heat  and  light  during  the  last  quarter  of  the  nineteenth 
century." — PhiL  Mag.^  July,  1901,  pp.  1-40.  j.  t. 

12.  The  Resistance  and  Electromotive  forces  of  the  Electric 
Arc. — W.  DuDDELL  has  carried  on  a  series  of  experiments  havJDg 
as  their  object  the  measurement  of  the  resistance  of  the  electric 
arc  under  various  conditions,  as  also  of  the  electromotive  forces 
present.  The  method  adopted  involved  the  use  of  a  steady  cur- 
rent to  which  a  testing  current  of  high  frequenc}*^  (120,000 
periods  per  second)  was  added.  The  measurements  of  impedance 
and  the  power  factor  were  made  by  the  three  voltmeter  method, 
employing  (I)  an  alternator  for  high  frequency  ;  (2)  a  new,  very 
delicate  instrument,  called  a  "  thermo-galvanometer,"  to  measure 
the  three  voltages  and  (3)  a  standard  resistance  for  comparison 
of  the  impedance  of  the  arc,  having  a  time  constant  of  only 
2*7  X  10~'  second. 

Some  of  the  results  obtained  are  as  follows.    The  true  resistance 
of  an  arc  3"""  long  between  ii™™  solid  carbons,  through  which  a 
9*91  ampere  current  was  flowing,  was  3*8 1  ohms.     The  whole  dif- 
ference of  potential  was  49*8  volts,  of  which  37*8  was  accounted 
for  by  the  ohmic  drop,  the  real  E  M.F.  opposing  the  flow  of  cur- 
rent being  12  volts.    With  cored  carbons  the  resistance  was  found 
to  be  2*54  ohms  and  the  back  E.M.F.  16*9  volts.     With  increase 
of   the  direct  current  the  back  E.M.F.  first  decreased  and  then 
increased,  the  minimum  value  being   11*3  volts  for  6  amperes. 
With  the  direct  current  constant,  increase  of  arc  length  increased 
the  resistance.     Further  the  composition   of  the  electrodes  was 
found  to  have  great  influence  on  the  resistance  and  back  E.M.F. 
Thus  with  direct  current  and  arc  length  constant,  soaking  the 
solid   carbons    in    potassium  carbonate   reduced   the    resistance 
from   3-81   to   2*92   ohms  and  increased  the  back  E.M.F.   from 
12  to   15*6   volts.     It  is  suggested  that  perfectly  pure   carbons 
would  probably  make  the  resistance  so  great  that  the  mainten- 
ance of  the  arc  would  be  impossible,  traces  of  impurities  being 
essential 

The  author  concludes  that  the  arc  resistance  consists  of  three 
parts ;  thus,  for  the  case  above  noted,  of  (1)  the  resistance  at  or 
near  the  contact  of  the  positive  electrode  and  the  vapor  column 
of  1*61  ohms  ;  (2)  the  resistance  of  the  vapor  column  of  2*5  ohms; 
(3)  the  resistance  between  the  latter  and  the  negative  carbon  of 
1*18  ohms.  The  back  E.M.F.  consists  of  two  parts  located  at 
or  near  the  contact  between  the  electrodes  and  the  vapor  column. 
That  at  the  positive  electrode,  about  17  volts,  opposes  the  flow  of 
the  direct  current,  while  that  at  the  negative  electrode,  about  6 
volts,  helps  the  flow  of  the  direct  current,  i.  e.,  is  a  forward  E.M.F. 
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The  greater  part  of  these  two  ILM.F.'s  are  considered  as  due  to 
thermo-electric  forces,  and  special  experiments  are  noted  which 
support  this  view. — Proc,  Roy,  Soc,  No.  450»  p.  512. 

13.  Unsolved  Problems  in  Z^to- Temperature  Research. — An 
essay  by  Miss  Agnes  M.  Clebke,  author  of  "  A  Popular  His- 
tory of  Astronomy  during  the  Nineteenth  Century,"  upon  Low- 
Temperature  Research  at  the  Royal  Institution  of  Great  Britain, 
1 893-1 900,  has  recently  been  issued.  It  gives  an  admirably 
clear  and  complete  summary  of  this  most  interesting  subject, 
and  closes  with  the  following  chapter. 

"  The  development  of  low-temperature  chemistry  is  one  of  the 
most  striking  features  of  scientific  history  during  the  last  decade 
of  the  nineteenth  century.  Many  questions  of  profound  interest 
have  been  answered  through  its  means,  and  a  partial  insight  has 
been  gained  into  some  of  the  moat  recondite  secrets  of  nature. 
The  unique  condition  attends  it,  that  the  ?ie  plus  ultra  cannot 
recede  as  it  advances.  The  absolute  zero  forms  an  irremovable 
landmark,  a  boundary  line  that  may  not  be  transgressed,  an 
asymptote,  as  it  were,  to  the  curve  of  future  progress.  And 
every  step  nearer  to  it  is  harder  to  take  than  the  previous  one. 
Among  many  causes  of  augmenting  difficulty  is  the  circumstance 
that  the  molecular  latent  heats  of  vaporization  diminish  with  the 
absolute  boiling  point.  Hence,  a  continually  more  lavish  expendi- 
ture of  frigorific  material  is  necessitated,  and  of  material  the 
price  of  which,  in  money  and  labor,  rises  rapidly  with  its 
irigorific  efficacy.  Still,  although  the  bottom  of  the  tempera- 
ture-scale may  never  be  actually  reached,  the  intervening  space 
will  surely  be  much  abridged.  But  we  shall  never,  it  is  safe  to 
predict,  assist  at  the  *  death  of  matter.'  At  the  stage  arrived  at, 
there  is  no  sign  of  its  being  moribund.  Forces  still  act  within 
and  upon  it.  Gravity  and  cohesion  maintain  their  normal  power. 
It  sensibly  impedes  the  passage  of  electricity  in  the  purest  and 
most  highly  conducting  metals.  Its  minute  particles  can  take  up 
and  modify  luminous  vibrations.  Only  chemical  affinity  seems 
to  be  extinct ;  the  various  species  of  matter  cease  to  react  upon 
each  other.  The  next  cryogenic  achievement,  it  is  true,  may 
alter  the  situation  as  we  now  see  it.  Our  present  standing- 
ground  may  be  subverted,  for  the  inquiry  is  just  now  in  a  critical 
phase.  The  liquefaction  of  helium,  for  example,  may  prove 
decisive  of  many  things — it  may  set  at  rest  some  doubts,  and 
raise  unlooked-for  issues. 

The  conditions  for  its  accomplishment  were  clearly  set  forth 
in  the  Bakerian  Lecture.  They  may  be  realized  by  the  use  of 
methods  actually  available.  This  last  fortress  of  gaseity  cannot 
be  regarded  as  impregnable,  although  its  capture  will  be  at  a 
high  monetary  cost.  Gaseous  helium,  to  begin  with,  is  of  the 
utmost  scarcity ;  and  what  is  scarce  demands  outlay  to  procure. 
Its  condensation  can  be  effected  only  by  subjecting  it  to  the 
same  process  that  succeeds  with  hydrogen,  substituting,  how- 
ever, liquid  hydrogen  under  exhaustion  for  liquid  air  as  the  pri- 
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mary  cooling  agent  As  the  upshot,  a  liquid  will  be  at  hand, 
boiling  at  about  5°  absolute,  or  —268°  C,  but  more  expensive 
than  liquid  hydrogen,  in  a  much  higher  ratio  than  liquid  hydro- 
gen is  more  expensive  than  liquid  air.  By  comparison,  ^  potable 
gold  '  would  be  a  cheap  fluid.  Nor  could  the  precious  metal,  in 
that,  or  any  other  form,  be  employed  for  a  higher  intellectual 
purpose  than  in  promoting  and  extending  researches  of  such 
boundless  promise  and  commanding  interest  as  those  conducted 
at  the  Royal  Institution." 

II.    Geology  and  Mineralogy. 

1.  Geological  Survey  of  Canada,  G.  M.  Dawson,  Director. 
Annual  Report  (New  Series)  Vol.  XI.  Reports  A,  D,  F,  G,  J,  L, 
M,  S,  for  1898.  Pp.  853,  20  plates  and  figures  in  text,  7  maps. 
Ottawa,  1901. — The  first  of  these,  the  Summary  Report  of  the 
Director,  has  already  been  mentioned  in  these  pages. 

Report  D  on  the  Yellowhead  Pass  Route  is  by  James  McEvoy. 
The  region  traversed  extends  from  Edmonton  and  Strathconaon 
the  north,  Saskatchewan  River  westward  to  the  Athabasca  River 
valley,  and  thence  up  through  the  Yellowhead  Mountain  pass 
and  into  the  Frazer  River  valley,  ending  at  T^te  Jaune  Cache. 
The  formations,  their  names  and  correlations,  are  as  follows,  viz  : 

Tertiary  Paskapoo  beds  )  j 

r^    ^  (  Edmonton  beds  \ 

Cretaceous  <  j^-  ,  t,^      tt-h 

(  Pierre  and  t  ox  Hill. 

Devono-Carboniferous. 

p,      ,    .  j  Castle  Mountain  group, 

vyamorian  »  f->       t>*  • 

(  Bow  River  series. 

Archean  Shuswap  series. 

D.  B.  Dowling,  in  F  and  G,  reports  on  the  Geology  of  the 
West  shore  and  Islands  of  Lake  Winnipeg  (F),  and  on  the  East 
shore  of  Lake  Winnipeg  and  adjacent  parts  of  Manitoba  and 
Keewatin,  from  personal  surveys  and  supplemented  by  notes  made 
by  his  predecessor,  J.  B.  Tyrrell.  The  formations  recognized  are 
compared  with  those  described  in  the  Geology  of  Minnesota, 
Vol,  IlL     The  correlations  are  as  follows,  viz  : 

?Utica  Stony  Mountain  formation  =  Richmond  Group. 

f  Upper  Mottled  limestone  =  Maclurea  beds, 
rp      .  J  Cat-head  limestone  =  Fusispira  and  Nematopora 

I  oeQs. 

[  Lower  mottled  limestone  =  Clitambonites  beds. 
?  Black  River      Winnipeg  sandstone  and  shales. 

Collections  of  fossils  from  some  of  these  formations  have 
already  been  described  by  J.  F.  Whiteaves  in  Paleozoic  Fossils, 
Vol.  Ill,  Parts  II  and  Ili. 
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R.  W.-  Ells  contributes  report  J  on  the  Geology  of  the  Three 
Rivers  Map-Sheet,  Quebec.  North  of  the  St.  Lawrence  the 
Potsdam,  Calciferous,  Chazy,  Black  River  and  Trenton  forma- 
tions are  recognized.  Lists  of  the  fossils  collected  from  them 
are  reported  by  H.  M.  Ami.  The  "Medina"  outlier  south  of 
the  St.  Lawrence  is  defined. 

A.  P.  Low  reports  (L)  on  the  South  shore  of  Hudson  Strait 
and  TJngava  Bay.  The  rocks  there  met  with  are  ancient  crystal- 
lines, igneous  intrusions,  altered  shales  and  schists,  dolomites  and 
iron  ores,  the  latter  possibly  of  Cambrian  age. 

Robert  Bell  contributes  report  M  on  the  topography  and 
geology  of  the  northern  side  of  Hudson  Strait.  The  iossiliferous 
rocks  are  of  Trenton  and  Niagara  age,  and  Devonian  fossils  are 
reported  from  the  southern  side  of  Southampton  island.  A 
remarkable  feature  in  the  geology  on  the  north  shore  of  the 
strait  are  the  twelve  bands  of  white  crystalline  limestone  alternat- 
ing with  bands  of  gneiss.  Dr.  Bell  estimates  the  total  thickness 
of  these  limestones  to  be  not  less  than  30,000  feet.  Lists  of  the 
plants  of  Hudson  Strait  and  of  the  Lepidoptera  of  Baffin  Land 
are  appended. 

The  closing  reports  are  R,  The  Report  of  the  Section  of  Chem- 
istry and  Mineralogy,  by  G.  Christian  Hoffmann,  and  S,  The 
Report  of  the  Section  of  Mineral  Statistics  and  Mines  by  E.  D. 
Ingall.  H.  s.  w. 

2.  Geological  Survey  of  Canada,  Robert  Bell,  Acting- 
Director.  Catalogue  of  the  Marine  Inverttbrata  of  Eastern 
Canada;  by  J.  F.  Wuitkaves  ;  pp.  1-271.  Ottawa,  1901. — 
The  Catalogue  is  a  report  on  the  present  state  of  our  knowledge 
of  the  marine  invertebrata  of  the  Bay  of  Fundy,  Atlantic  Coast 
of  Nova  Scotia,  and  gulf  and  mouth  of  the  River  St.  Lawrence, 
as  far  as  the  Strait  of  Belle  Isle.  h.  s.  w. 

3.  Geological  and  Natural  History  Survey  of  Minnesotay 
1900-1901.  Vol.  VI  of  the  Final  Report.  Geological  Atlas 
foith  Synoptical  descriptions  ;  by  N.  H.  Winch bll.  88  geograph- 
ical and  geological  plates  with  accompanying  descriptive  text. — 
In  this  closing  volume  of  the  survey,  begun  twenty-eight  years 
ago,  the  author  offers  the  following  as  his  final  classification  of  the 
geological  formations  of  the  State  of  Minnesota  : ' 


Cretaceous 


r  Ft.  Pierre 
!   Niobrara 
Ft.  Benton 
Dakota. 


Hamilton 
Devonian       \  Marcellus  ? 


Lower 
Silurian 


Corniferous. 

Hudson  River 

Galena 

Trenton. 
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Upper 


Taconic 


{ 


"t 


Lower 
Cambrian. 


Archean 


r  St.  Peter 
Sbakopee 
Richmond 
Lower  Magnesian 
Cambrian  I  Jordan  ) 

St.  Lawrence    >  St.  Croix  Series. 

Dresbach  ) 

Hinckley  sandstone,  passing  down  into 

"  Potsdam  Red  sandstone,  in terbedded  with 
Manitou  Lavas,  and 
Potsdam  Quartzite  (at  New  Allen    )  Middle 

and  the  Puckwunge  Conglomerate  j  Cambrian. 
Cabotian  (igneous) 
Red  Rock  Apobsidian  red  granite 
Gabbro  and  its  varieties  and  Lavas 
Aniraikie 

Slates  and  Quartzite 
Taconite  and  Quartzite 

Granite,  Syenite,  etc.  Laurentian. 

Crystalline  schists  and  gneiss     Coutchiching. 

Various  fracrmentals        )  xr 

xr      •  I  •    •     r^  *         r  Keewatin. 

Kawishiwin  Greenstone  j 

u.    S.    Yf» 

4.  Iowa  Geological  Survey.  Vol.  XI.  Administrative  Reports. 
Samuel  Calvin,  State  Geologist.  Pp.  1-579.  Pis.  i-xii,  figures 
1-43.  9  maps.  Des  Moines,  1901. — This  volume  carries  forward 
the  detailed  Survey  of  the  State  of  Ohio  by  the  present  staff  of 
geologists  to  cover  the  counties  of  Louisa,  Marion,  Pottawat- 
tamie, Cedar,  Page,  Clay  and  O'Brien.  In  the  report  on  Cedar 
County  we  note  that  Professor  Norton  transfers  Xhe  Coggan 
formation  from  the  Silurian,  to  which  it  was  previously  referred, 
to  the  Devonian  system,  with  which  it  is  more  naturally  referred 
by  its  few  though  diagnostic  fossils.  u.  s.  w. 

5.  Dragons  of  the  Air^  an  account  of  Extinct  Flying  Heptiles; 
by  H.  G.  Seeley;  pp.  1-232,  and  80  illustrations.  London, 
1901  (Methueu  &  Co.). — The  close  kinship  between  a  fascinating 
novel  and  a  wejl-written  popular  book  of  science  is  illustrated  by 
Professor  Seeiey's  story  of  the  "  Dragons  of  the  Air."  A  thor- 
ough grasp  of  the  scientific  facts  in  the  case  is  united  with  a  rare 
power  of  imagination  and  of  pictorial  description,  which  would 
have  served  the  historical  novelist  as  successfully  as  it  has  the 
paleontolojj^ist  in  the  present  case.  The  sense  of  the  marvelous  is 
used  legitimately  at  the  outset  by  introducing  the  mythical 
dragons  and  angels,  and  finding  even  greater  anomalies  in  the 
actufil  wings  of  fish,  frogs,  lizards,  squirrels  and  cats,  and  teeth 
in  birds  and  beaks  in  reptiles  and  mammals. 

The  Orniihosaurs,  the  scientific  name  of  these  flying  dragons, 
are  not  described  in  order  to  magnify  the  oddities  of  nature,  but 
the  author  has  sought  to  show  the  natural  affinities  of  amost 
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•ecaliar  group  of  organisms  to  those  living  and  more  familiar  types 
f  structure,  the  reptiles,  birds  and  mammals.  Step  by  step  the 
eculiarities  of  the  structure  of  the  rare  bones  are  compared 
dth  known  structures  in  other  animals.  The  reconstructions 
lade  become  understood  and  real  and  reasonable;  and  the 
Bader,  though  unfamiliar  at  the  outset  with  the  technical  names, 
)aves  the  book  with  a  new  vocabulary  which  means  something 
eal  to  him.  While  extremely  skillful  in  picturing  Lis  own  con- 
eptions  of  the  animals  represented  by  the  fossils  studied,  the 
nthor  is  also  precise  and  scientifically  accurate.  Whatever  criti- 
ism  may  be  made  of  his  classifications  or  of  the  afiinities  assigned, 
ie  reasons  for  them  are  definitely  based  upon  the  observed  facts, 
'he  Ornithosauria  are  traced  for  origin  not  directly  to  reptiles 
r  birds,  as  now  known  and  defined,  but  rather  to  unknown 
ncient  stock,  in  which  wore  combined  rudimentary  characters 
'hich,  by  elimination  of  some  and  modification  of  others,  have 
^suited  in  the  differentiations  represented  by  the  Reptilian,  Bird, 
^mithosaurian  and  Mammalian  types. 

"If  we  ask,"  the  author  writes,  **  what  started  the  Ornitho- 
lurian  into  existence,  and  created  the  plan  of  construction  of 
lat  animal  type,  I  think  science  is  justified  in  boldly  afiirming 
lat  the  initial  cause  can  only  be  sought  under  the  development 
f  patagial  membranes  such  as  have  been  seen  in  various  animals 
linistering  to  flight."  But  there  was  *'  no  geological  history  of 
le  rapid  or  gradual  development  of  the  wing  finger,  and 
[though  the  wing  membrane  may  be  accepted  as  its  cause  of 
dstence,  the  wing  finger  is  powerfully  developed  in  the  oldest 
Down  Pterodactyles  as  in  their  latest  rrpresentatives."  "  Ptero- 
actyles  show  singularly  little  variation  in  structure  in  their 
eological  history,"  and  what  there  was  has  to  do  chiefly  with 
►88  of  characters  early  possessed  or  variations  in  size  and  parts. 

Regarding  the  afiinities  of  the  Ornithosaurs  the  author  remarks, 
It  would  therefore  appear  from  the  vital  community  of  struc- 
ires  with  Birds,  that  Pterodactyles  and  Birds  are  two  parallel 
roups,  which  may  be  regarded  as  ancient  divergent  forks  of  the 
ime  branch  of  animal  life,  which  became  distinguished  from 
ich  other  by  acquiring  the  different  condition  of  skin,  and  the 
ructures  which  were  developed  in  consequence  of  the  bony 
Leleton  ministering  to  flight  in  different  ways;  and  with  dif- 
rent  habit  of  terrestrial  progression  this  extinct  group  of  ani- 
als  acquired  some  modifications  of  the  skeleton  which  Birds 
ive  not  shown.  There  is  nothing  to  suggest  that  Pterodactyles 
•e  a  branch  from  Birds,  but  their  relation  to  Birds  is  much 
oser,  so  far  as  the  skeleton  goes,  than  is  their  relation  uith  the 
ghtless  Dinosaure,  with  which  Birds  and  Pterodactyles  have 
any  characters  in  common."  The  book  will  prove  as  useful  to 
e  paleontologist  as  to  the  general  reader,  for  it  furnishes  a  brief 
It  clea*  and  systematically  arranged  compendium  of  the  chief 
cts  kri<  »wn  regarding  this  unique  group  of  extinct  animals. 
The  illustrations  are  not  the  least  important  feature  of   the 
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book.  They  furnish  a  definite  idea  of  the  morphology  of  these 
animals,  however  much  of  this  idea  may  have  been  contributed  by 
the  author.  h.  s.  w. 

6.  Contributions  to  Mineralogy  and  Petrography  from   the 
Laboratories  of  the   Sheffield  Scientific   School  of    Yale    Uni- 
versity ;  edited  by  S.  L.  Penfield  and  L.  V.  Pirsson.    Pp.  482, 
8vo.     New  York,  1901   (Charles  Scribner's  Sons). — This  volume 
forms  one  of  the  series  of  Yale  Bicentennial    publications  men- 
tioned in  the  last  number  (p.   321).     It  is  devoted  to  the  min- 
eralogical  and  petrop:raphical  work  of  the  University.     Part  I, 
edited  by  Professor  Peniield,  opens  with  an  interesting  summary 
of  the   development   of   mineralogy   at   New    Haven    from  the 
appointment   of    Professor   Benjamin    Silliman    in   1802    to  the 
present  time;  the  record  of  work  accomplished  and  of  the  influence 
thus  exerted  on  the  pro^^ress  of   the  science  in  the  world  is  a 
remarkable  one.     A  bibliography  follows  including  some  two 
hundred    and   twenty-five   titles  of   papers  and  books  published 
since  1849.     A  list  is  also  given  of  the  new  species  described, 
thirty-six  in  number,  and  of  species  whose  chemical  compositiou 
or  crystallization  has  been  established.     The  bulk  of  the  volume, 
pp.  30-377,  is  given  to  selected  papers  reprinted  largely  from  the 
pages  of  this  Journal.     The  first  of  these  is  the  one  by  Prof. 
G.  J.   Brush   on  American  Spodumene  ;  among    others   are  the 
Branchville  papers  by  Brush  and  Dana,  and  numerous  important 
researches  chiefly  by  Penfield  and  his  students. 

Following  the '  mineralogical  part  of  the  volume  is  Part  II, 
pp.  381-480,  devoted  to  petrography.  This  includes  a  brief 
history  of  the  department  and  nine  reprinted  papers  ;  this  por- 
tion of  the  volume  has  been  edited  by  Professor  L.  V.  Pirsson. 

7.  On  a  large  Phtogopite  Crystal ;  by  W.  Harvey  McNaibn. 
(Communicated.) — A  crystal  of  phlogopite,  of  unusual  and  proba- 
bly unexampled  size,  was  discovered  in  a  mica  mine  near  Syden- 
ham, Frontenac  Oo.,  Ontario,  at  a  depth  of  about  30".  The 
vein,  which  occurs  in  pyroxenite,  is  about  10"  wide  and  consists 
of  mica  imbedded  in  pyroxene.  Next  to  the  hanging  wall  there 
is  a  layer  of  calcite  enclosing  and  occasionally  replaced  by 
apatite.  On  the  other  side  there  occurs  a  dark  green,  cleavable 
pyroxene  which  gradually  changes  into  the  pyroxenite.  The 
crystal  traversed  the  vein  from  S.W.  to  N.E.  in  an  approx- 
imately horizontal  direction.  It  was  a  clear,  dark  colored,  amber 
phlogopite  of  an  excellent  quality  for  electrical  purposes.  The 
outline  of  the  cross-section  was  roughly  hexagonal  and  it  had  the 
spindle  shape  frequently  observed  in  elongated  crystals  of  the 
micas.  At  the  point  measured,  which  was  slightly  past  the 
greatest  diameter,  the  cleavage  face  was  1  '5"  x  2™,  and  at  that 
time  about  5'"  of  the  total  length  had  been  removed.  As  far  as 
one  could  tell  there  was  a  considerable  amount  still  left  in  the 
matrix.  Sheets  of  the  full  size,  however,  were  not  available  as 
the  crystal  was  divi'ied  longitudinally  by  a  parting  which  joined 
two  diagonally  opposite  corners. 
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8.  Handhuch  der  Mineralogie  ;  von  Dr.  Carl  Hintze.  Erster 
Band,  sechste  Lieferung,  pp.  801-960.  Leipzig,  1901. — The  sixth 
part  of  Vol.  I  of  Hintze's  Mineralogy  (part  eighteen  of  the 
whole  work)  has  recently  been  issued.  It  contains  descriptions 
of  the  sulphides  of  the  pyrite,  marcasite  and  chalcopyrite 
groups. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Meteorite  Swarms,  —  The  results  of  an  investigation  into 
the  probabilities  of  the  existence  of  meteorite  swarms,  their 
petrographic  nature,  and  their  relation  if  any  to  known  star 
showers,  are  given  in  a  recent  paper*  by  A.  G.  Hogbom.  For 
this  investigation  the  meteorite  falls  of  known  date  were  plotted 
according  to  the  day  of  the  month  and  the  petrographical  nature 
of  each  as  given  by  Wtllfing.  Some  groupings  seemingly  sig- 
nificant were  thus  disclosed.  Thus  of  the  nine  known  Howard- 
ites,  three  are  found  to  have  fallen  during  the  first  days  of 
August  and  three  during  the  first  half  of  December.  The  proba- 
bilities against  such  a  grouping  being  a  mere  coincidence  are 
stated  to  be  several  thousand  to  one. 

Of  the  three  known  Eukriies  two  fell  June  13-16.  According 
to  the  author  the  chances  are  as  90  to  1  that  these  had  a  common 
origin. 

Of  the  fifteen  known  " Crystalline  Chondrites"  four  fell  March 
19-25  ;  three  Sept.  16-24,  two  May  22-27,  two  Aug.  8-15  and 
four  were  variously  distributed.  Of  fifteen  "Intermediate 
Veined  Chondrites"  three  fell  April  9-12.  These  correspond  in 
date  with  the  star  shower  of  the  Lvrids. 

With  respect  to  other  groups  of  Chondrites,  groups  depending 
in  Brezina'fl  or  Waiting's  classification  on  the  presence  or  absence 
of  such  features  as  vein  structure  or  brecciated  structure,  the 
author  states  that  he  regards  such  characters  not  suitable  for  the 
distinction  of  meteorite  swarms.  The  same  opinion  is  expressed 
regarding  minor  differences  of  chemical  composition,  since  this 
may  vary  in  one  and  the  same  mass.  With  the  December 
Howardites  meteorites  of  the  types  of  Bustite,  Chladnite  and 
Amphoterite  have  a  common  date  of  fall.  A  Chladnite,  a  How- 
ardite  and  a  Howarditic  Chondrite  have  the  same  date  of  fall 
with  the  June  Eukrites.  A  Chassignite,  two  Howarditic  Chon- 
drites and  a  Howardite  have  the  first  of  October  as  a  common 
date  fall.  The  iron  meteorites  of  known  date  of  fall  are  also 
found  to  have  dates  approaching  those  previously  traced.  Of 
the  eight  known,  one  fell  near  the  time  of  the  August  and  one 
that  of  the  December  Howardites  ;  one  has  the  same  date  and  is 
only  two  years  later  than  the  Howardite  of  July  14,  and  one  (or 
two)  is  associated  with  the  Howarditic  Chondrite  and  Chladnite  of 

•  BuUetiD  of  the  Geol.  Inst  of  the  UDiversitj  of  Upsala,  vol.  v,  Part  I,  No.  9, 
pp.  132-143. 
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the'  last  of  March.  Also  the  single  known  Lodranite  which 
closely  resembles  an  iron  meteorite  accords  in  its  time  of  fall 
with  the  Howardites  and  related  types  of  the  first  of  October. 

If  any  ground  has  thus  been  established  for  believing  that 
meteorites  of  the  same  approximate  date  of  fall  have  a  common 
origin,  then  the  constitution  indicated  for  some  of  the  swarms  at 
least  is  that  of  a  combination  of  a  rock  rich  in  anorthite  with 
one  rich  in  iron.  It  is  suggested  that  these  types  have  arisen  by 
differentiation  of  a  common  magma,  such  as  has  occurred  in  some 
ultra-basic  terrestrial  magmas.  The  regularly  varying  composi- 
tion of  moldavite  is  referred  to  as  an  illustration  of  such  dif- 
ferentiation. 

Lines  connecting  dates  of  falls  through  succeeding  years  are 
found  for  the  most  part  to  incline  to  the  left,  showing  that  the 
swarms  are  met  continually  earlier  by  the  earth.  This  is  shown 
to  be  what  might  be  expected  through  the  deformation  of  a 
swarm  by  the  earth's  attraction.  Little  or  no  connection  of 
meteorite  swarms  with  known  star  showers  is  observed.  The 
meteorite  falls  reach  their  maximum  in  number  the  middle  of 
June  and  their  minimum  the  last  of  October. 

On  the  whole  the  probability  of  the  existence  of  meteorite 
swarms  which  are  met  by  the  earth  at  recurrent  dates  in  its 
yearly  revolution  is  shown  to  be  considerable  and  the  careful 
record  of  the  date  of  fall  of  as  many  meteorites  as  possible  is 
urged  for  purposes  of  further  investigation.  o.  c.  f. 

2.  The  American  Philosophical  Society. — The  American 
Philosophical  Society  of  Philadelphia  announces,  in  a  circular 
dated  October  16,  that  it  will  in  future,  in  addition  to  its  usual 
semi-monthly  meetings,  hold  at  least  one  general  meeting  in  each 
year.  For  1902  it  has  been  decided  that  this  general  meeting 
shall  be  held  in  Easter  week.  Members  desiring  to  present 
papers,  either  for  themselves  or  others,  are  requested  to  send  to 
the  secretaries  at  as  early  a  date  as  practicable  and  not  later 
than  February  15th,  1902,  the  titles  of  the  papers,  accompanied 
by  a  brief  abstract,  so  that  they  may  be  duly  announced  on  the 
program  which  will  be  issued  immediately  thereafter  and  which 
will  give  in  detail  the  arrangements  for  the  meeting.  The  pub- 
lication committee,  under  the  rules  of  the  Society,  will  arrange 
for  the  immediate  publication  of  the  papers  presented.  A  general 
committee  of  twenty-six  gentleman  from  different  parts  of  the 
country  has  the  whole  matter  in  charge.  Professor  George  F. 
Barker  is  the  Chairman  and  Mr.  1.  Minis  Hays,  Secretary. 

The  circular,  in  remarking  upon  the  national  character  of  this 
venerable  Society — founded  in  1743 — expresses  the  expectation 
that  this  general  meeting-  "  from  the  information  to  be  derived 
from  the  papers  presented  and  their  discussion  by  those  most 
competent  to  add  to  our  knowledge,  will  attract  the  members  of 
the  Society  from  all  parts  of  the  country  to  their  mutual  advan- 
tage as  well  as  to  that  of  this,  the  first  and  oldest  scientific  society 
in  America,  and  one  of  the  oldest  in  the  world." 
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Art.  XLIII.— Geology  of  the  LitUe  Colorado  Valley  ;^  by 

Lester  F.  Ward. 

The  geology  of  the  Grand  Canyon  region  of  northern 
Arizona  has  received  much  attention  on  the  part  of  geologists 
and  considerable  has  been  written  on  the  higher  beds  of  Meso- 
zoic  age  that  lie  to  the  eastward  in  Marble  Canyon  and  farther 
north,  but  very  little  study  seems  to  have  been  made  of  the 
Little  Colorado  Valley  above  the  point  at  the  north  end  of  the 
Colorado  Plateau,  where  it  broadens  out  into  a  plain.  The 
strata  of  the  Grand  Canyon  up  to  and  including  the  junction 
of  the  Little  Colorado  with  the  Colorado  River,  consist,  as  all 
know,  entirely  of  Paleozoic  and  pre-Paleozoic  rocks,  and  it  is 
the  Carboniferous  limestones,  or  sometimes  sandstones  (Upper 
Aubrey),  that  occupy  the  surface  of  both  the  Colorado  and  the 
Kaibab  plateaus.  6ut  the  entire  system  dips  sensibly  to  the 
northeast  and  at  any  point  some  distance  back  from  the  canyon 
remnants  of  Mesozoic  rocks  occur  for  many  miles  before 
reaching  the  bed  of  the  Little  Colorado.  That  river,  there- 
fore, practically  flows  for  almost  its  entire  length  over  Mesozoic 
strata,  but  these  do  not  attain  their  great  development  except 
on  the  northeastern  slope  of  the  valley.  Here  they  form  sev- 
eral series  of  terraces,  rising  one  above  another  as  one  recedes 
from  the  river,  and  forming  at  their  maximum  development 
lofty  and  picturesque  escarpments,  with  brilliantly  colored 
stratification,  rivaling  in  many  respects  the  Grand  Canyon 
itself.  The  broad  arid  plains  that  lie  to  the  southwest  of  these 
clifiFs  have  received  the  name  of  the  Painted  Desert,  from  the 
circumstance  that  from  any  point  on  this  desert  these  painted 
cliflfe  are  always  in  full  view.     From  a  great  distance  they  may 

*  Published  by  penoission  of  the  Director  of  the  United  States  Geological 
Survey. 
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under  certain-  conditions  appear  beautiful  and  innocent,  but 
any  attempt  to  invade  this  desert  or  to  scale  these  cliflFs,  except 
by  means  of  the  few  well  known  Indian  trails,  is  certain  to  be 
met  with  defeat,  and  the  hardships  that  have  to  be  endured  in 
striving  to  traverse  this  region  are  of  the  severest  kind.  Lieut. 
Ives  described  the  region  in  the  following  language : 

'*The  scene  was  one  of  utter  desolation.  Not  a  tree  nor  a 
shrub  broke  its  monotony.  The  edges  of  the  mesas  were 
flaming  red,  and  the  sand  threw  back  the  sun's  rays  in  a  yel- 
low glare.  Every  object  looked  hot  and  dry  and  dreary.  The 
animals  began  to  give  out.  We  knew  that  it  was  desperate  to 
keep  on,  but  felt  nnwilling  to  return,  and  forced  the  jaded 
brutes  to  wade  through  the  powdery  impalpable  dust  for  fif- 
teen miles.  The  country,  if  possible,  grew  worse.  There  was 
not  a  spear  of  grass,  and  from  the  porousness  of  the  soil  and 
rocks  it  was  impossible  that  there  should  be  a  drop  of  water. 
A  point  was  reached  which  commanded  a  view  twenty  or 
thirty  miles  ahead,  but  the  fiery  bluffs  and  yellow  sand,  paled 
somewhat  by  distance,  extended  to  the  endof  the  vista.  Even 
beyond  the  ordinary  limit  of  vision  were  other  bluflEs  and  sand 
fields,  lifted  into  view  by  the  mirage,  and  elongating  the  hide- 
ous picture.  The  only  relief  to  the  eye  was  a  cluster  of  blue 
pinnacles  far  to  the  east  that  promised  a  different  character  of 
country.  It  was  useless,  however,  to  take  the  risk  of  proceed- 
ing directly  thither.  The  experience  of  the  day  had  demon- 
strated the  hopelessness  of  trying  to  drive  the  mules  for  any 
length  of  time  through  an  untrodden  and  yielding  soil,  and  it 
was  determined,  as  a  last  chance,  to  go  back  to  Flax  River  and 
ascend  the  bank,  at  the  hazard  of  having  to  make  a  long  cir- 
cuit, till  some  Indian  trail  should  be  encountered  leading  in  the 
desired  direction,  and  affording  a  beaten  way  practicable  to  be 
followed."* 

Very  little  seems  to  be  known  of  the  more  detailed  nature 
of  these  deposits.  They  are  usually  spoken  of  as  a  single 
great  system  of  beds,  and  I  am  not  aware  of  any  serious 
attempt  to  subdivide  them  or  arrange  them  into  anything  like 
a  successive  series  of  varying  deposits  It  was  my  chief 
object  during  my  entire  stay  in  that  country  to  subject  these 
deposits  to  a  searching  analytical  study  and  to  work  out,  if 
possible,  their  true  succession.  I  began  this  study  by  a  recon- 
naissance of  the  Little  Colorado  Valley.  After  making  camp 
at  Taimer's  Crossing,  which  is  only  12  miles  above  the  point 
where  the  Little  Colorado  enters  the  limestone  canyon  at  the 
foot  of  Coconino  Point,  I  set  about  mastering  the  details  of 
the  stratigraphy  of  that  general  region.     Later  on,  and  in  the 

*  Report  upon  the  Colorado  River  of  the  West,  explored  in  1857  and  1868  b/ 
Lieutenant  Joseph  C.  Ives,  Washington,  1861,  Part  I,  p.  117. 
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light  of  information  thus  obtained,  I  studied  the  various  rem- 
nants of  the  Mesozoic  that  are  scattered  over  the  Colorado 
Plateau,  and  especially  Red  Butte,  which  is  the  most  con- 
BDicuous  and  best  known  of  these  remnants.  Finally,  as  a  con- 
cluding task,  I  returned  to  the  upper  portion  of  the  valley  of 
the  Little  Colorado  and  made  a  study  of  the  formation  there 
similar  to  that  which  I  had  made  below. 

I  will  not  introduce  here  the  details  of  this  investigation  and 
shall  be  obliged  to  omit  a  great  amount  of  important  data, 
including  many  sections  recorded  in  my  note-book,  but  I  will 
merely  give  the  most  general  and  essential  results  and  the 
general  section. 

First  of  all,  let  me  say,  that  I  think  1  have  succeeded  in 
dividing  the  formation  into  three  entirely  distinct  series  or 
classes  of  deposits.  One  of  these,  the  thickest  of  them  and 
the  one  which  is  best  known,  has  already  been  named  by 
Major  Powell  the  Shinarump.*  This,  however,  occupies  the 
central  portion  of  the  beds  in  their  geological  sequence.  The 
other  two  divisions  are,  so  far  as  I  am  aware,  unnamed  and  I 
have  ventured  to  give  names  to  them.  The  lower  beds  I, 
therefore,  designate  as  the  Moencopie  beds,  from  having  first 
fonnd  them  in  their  full  development  at  the  mouth  of  the 
Moencopie  Wash.  To  the  other  or  highest  of  the  series  I  have 
thought  it  appropriate,  from  the  considerations  already  set 
forth,  to  give  the  name  of  Painted  Desert  beds.f 

The  Moencopie  Beds. 

These  occupy  the  lowest  portion  of  the  formation,  having  a 
maximum  observed  thickness  of  between  600  and  700  feet. 
They  present  several  distinct  phases,  but  the  greatest  part  of 
them  consists  of  dark  reddish  brown,  soft,  laminated,  argil- 
laceous shales,  nearly  destitute  of  silica,  highly  charged  with 

*  Geology  of  the  Uinta  MouDtaios,  etc.,  1876,  pp.  68-69.  See  Twentieth  Ann. 
Bep.  U.  S.  Geological  Survey,  Ft.  II,  p.  318. 

f  The  Dame  **  Painted  Deserl "  occurs,  apparently  for  the  first  time,  in  the  con- 
tents to  Chapter  ix  of  Part  I  of  Lieut.  Ives's  Report  upon  the  Colorado  River 
of  the  Westf  pp.  15  and  113,  but  is  not  used  in  the  description  of  the  desert  on 
pp.  116-117,  from  which  the  above  extract  is  taken.  It  is  used  by  Dr.  Newberry 
in  Part  III,  on  pp.  76-83,  and  to  it  he  devotes  a  section.  These  early  uses  of 
the  term  show  that  it  refers  to  an  area  lying  opposite  to  the  region  between 
Wolfs  Crossing  and  Winslow,  but  Dr.  Newberry  says  (p.  76)  "  that  the  peculiar 
physical  aspect  and  geological  structure  of  the  Painted  De.«)ert  prevail  over  a 
wide  belt  of  country  bordering  the  Little  Colorado  on  the  east,  and  extending  at 
least  as  far  northward  as  our  Camp  73."  This  camp  appears  from  the  very 
imperfect  map  accompanying  the  report  to  have  been  about  on  the  latitude  of 
Tanner's  Crossing,  but  far  to  the  westward.  On  this  map  the  Painted  Desert  is 
represented  as  occupying  all  that  region  lying  along  the  southwestern  base  of 
the  painted  cliffs  from  the  line  of  their  route  through  the  gap  at  Blue  Peaks  and 
Pottery  Uill  northwestward  to  an  indefinite  distance.  On  the  latest  Land  Ofifice 
maps,  however,  it  seems  to  bo  restricted  to  that  portion  of  the  desert  lying  north 
oJt  the  Moencopie  Wash  and  along  the  base  of  Kcbo  Cliffs.  There  seems  to  be  no 
good  reason  for  thus  restricting  it. 
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salt*  and  gypsum,  tending  on  exposure  to  assume  the  character 
of  nearly  homogeneous  marls  and  to  form  low  ridges,  but- 
tresses and  even  isolated  knolls  or  buttes,  at  the  bases  of  clifik 
and  in  eroded  valleys.  The  gypsum  often  forms  thin  sheets 
which  appear  as  tine  white  lines  and  which  do  not  follow  the 
planes  of  stratification  but  cross  the  beds  irregularly  and  also 
cross  one  another,  giving  the.  exposures  a  peculiar  striped 
appearance. 

between  these  beds  of  shale  there  occur,  usually  at  more 
than  one  horizon,  brown  sandstones.  These  are  more  or  less 
argillaceous  and  their  exposed  faces  do  not  present  sharp  angles 
but  have  rounded  forms,  aue  in  the  main  to  the  influence  of  winds 
which  wear  off  the  jagged  appearance  but  do  not  tend  to  form 
chimneys  or  assume  fantastic  shapes.  These  sandstone  ledges, 
which  are  very  uniform  in  composition,  sometimes  have  a 
thickness  of  100  feet  or  more,  though  such  heavy  beds  are 
usually  interrupted  by  several  layers  oi  the  shale. 

Toward  the  lower  part  of  the  Moencopie  beds  the  shales 
gradually  become  calcareous  and  there  is  in  nearly  all  good 
exposures  a  horizon  of  white  impure  limestone,  well  laminated 
in  its  central  portion,  but  becoming  very  thin  and  hard  below 
and  finally  passing  either  into  the  typical  shale  or  into  homo- 
geneous marls.  The  extreme  upper  and  also  the  extreme 
lower  portions  of  the  Moencopie  beds  always  consist,  so  far  as 
observed,  of  the  typical  dark  brown  argillaceous  shale,  and  the 
whole  series,  wherever  the  contact  can  be  found,  always  rests 
in  marked  unconformity  upon  the  underlying  Paleozoic  rock 
(Upper  Aubrey). 

*  An  artesian  well  was  bored  at  Adamana  on  the  Santa  Fe  Pacific  railroad, 
eight  miles  north  of  the  Petrified  Forest  and  in  the  valley  of  the  Rio  Pueroo. 
At  a  depth  of  305  feet  water  was  struck  which  had  sufficient  force  to  rise  19 
feet  above  the  surface  and  discharge  25  gallons  per  minute.  The  water  w«a 
very  salt,  reported  at  3  per  cent  chloride  of  sodium,  so  as  to  be  wholly  unfit  for 
any  use.  Mr.  James  Swainson,  in  charge  of  the  work,  which  was  done  by  tbe 
American  Well  Works  of  Aurora,  111.,  was  good  enough  to  send  me  the  "log" 
(record  of  boring),  which  is  as  follows: 

Feet 

Surface  sand  and  adobe 65 

Sandstone 3 

Cement  gravel -- --       1 

Sandstone 29 

Water  at  88  feet  only  slightly  salt. 

Sandstone 20 

Brown  shale -- 43 

Red  shale 49 

Hard  brown  and  blue  shale 5 

Red  shale 70 

Sandstone 10 

Hard  brown  shale 20 

Intensely  salt  water  at -.  306 

The  lower  200  feet  of  this  section  clearly  belong  to  the  Moenoopie  beda. 
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The  Shinarump, 

This  constitates  a  vast  series  with  a  maximam  observed 
thickness  of  at  least  1600  feet.  It  presents  a  number  of 
phases,  some  of  which  are  so  distinct  that  if  studied  in  only 
one  locality  they  would  naturally  be  regarded  as  separate  sub- 
divisions, but  such  a  general  survey  as  I  have  been  making 
points  to  a  certain  homogeneity  in  all  these  beds,  or  at  least 
establishes  the  unmistakable  tendency  towards  the  recurrence 
in  any  of  the  phases  of  features  that  are  prominent  in  other 
phases.  The  Shinarump  constitutes  the  horizon  of  silicified 
trunks  and  there  is  no  part  of  it  in  which  fossil  wood  does  not 
occur  in  great  abundance.  It  also  marks  the  limit  of  the 
wood-bearing  deposits  of  this  region.  For  this  reason  alone, 
in  view  of  the  etymology  of  the  name,  I  should  be  justified  in 
extending  the  Shinarump  as  far  as  the  fossil  trunks  occur,  and 
it  is  obvious  from  the  language  used  that  Major  Powell  had 
the  upper  portions  of  the  formation  in  view  as  well  as  the 
lower  when  giving  the  name,  although  other  geologists  in 
speaking  of  the  Shinarump  usually  seem  to  have  in  mind  only 
tliose  beds  which  I  include  under,  the  conglomerate.  It  is 
doubtful,  however,  whether  the  remainder  of  the  formation 
has  really  been  studied  or  carefully  observed  by  others,  and  I 
fancy  that  in  dealing  with  it  I  am  entering  upon  a  sort  of 
geological  terra  incognita. 

The  Shinarump  Conglomerate, — I  am  using  this  expression, 
which  is  the  one  most  commonly  found  in  works  that  treat 
of  these  beds,  in  a  somewhat  comprehensive  sense,  the  necessity 
for  which  will  be  apparent.  As  thus  used  this  part  of  the 
Shinarump  occupies  the  lower  half  of  that  series  and  has  a 
maximum  thickness  of  800  feet.  Although  perhaps  the  most 
prominent  feature  of  it  is  the  so  called  conglomerate,  which 
sometimes  is  in  truth  deserving  of  that  name,  and  contains 
somewhat  large  but  always  well-worn  pebbles  and  cobbles 
derived  from  underlying  formations,  still,  it  rarely  happens 
that  this  aspect  of  the  beds  constitutes  the  major  portion  of 
them.  In  the  first  place  the  conglomerate  tends  to  shade  oflF 
into  coarse  gravels  and  then  into  true  sandstones.  These 
sandstones  are  of  a  light  color,  contrasting  strongly  with  the 
dark  brown  sandstones  of  the  Moencopie  beds  already  described. 
They  are,  moreover,  always  more  or  less  cross-bedded  and 
usually  exhibit  lines  of  pebbles  running  through  them  in 
various  directions.  These  are  true  sandstones,  very  hard, 
devoid  of  alumina,  and  scarcely  affected  by  the  winds,  so  that 
their  angles  are  usually  sharp  and  the  ledges  they  form  are 
abrupt  and  jagged.  Although  the  sandstones  proper  generally 
occur  lower  down,  still,  there  is  no  uniformity  in  this  arrange- 
ment, and  sandstones  are  often  found  in  the  middle  and  con- 
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glomerates  more  rarely  at  the  top.  But  in  addition  to  these 
the  Shinarurap  Conglomerate  embraces  other  classes  of  beds.- 
There  is  a  well-stratified  layer  of  thinnish  sandstone  shales 
that  is  often  seen  immediately  under  the  heavy  sandstone  cap. 
Some  of  these  shales  have  a  grayish  color  and  are  highly 
argillaceous.  These  layers  tend  to  thicken  even  within  the 
formation  itself,  but  especially  farther  out,  and  what  is  more 
significant,  they  often  become  transformed  into  a  bluish  white 
marl.  This  condition  can  be  seen  between  the  beds  of  con- 
glomerate in  places  where  the  Shinarump  Conglomerate  is 
comparatively  thin,  as  in  the  lower  valley  of  the  Little  Colo- 
rado, where  it  is  only  about  300  feet  in  thickness.  This 
feature  is  not  very  prominent,  but  at  other  places,  as  in  the 
Petrified  Forest  region  where  the  Shinarump  attains  its  maxi- 
mum thickness  of  700  or  800  feet,  this  tendency  on  the  part 
of  certain  beds  to  become  transformed  into  marls  is  the  most 
marked  feature  of  the  formation.  The  marls  here  occupy 
much  more  than  half  of  the  beds.  They  are  very  varied  in 
color,  showing  besides  the  white  and  blue  tints  a  great  variety 
of  darker  ones  such  as  pink,  purple,  and  buff.  These  heavy 
marl  beds,  of  which  there  may  be  several  in  the  same  cliff, 
are  interstratified  between  conglomerates,  coarse  gravels,  and 
cross-bedded  sandstones,  all  of  which  taken  together  form  the 
beautifully  banded  cliffs  that  are  seen  throughout  the  Petrified 
Forest,  and  especially  along  its  northern  flank.  It  thos 
becomes  necessary  to  include  under  one  designation  all  of 
these  varying  beds,  which  often  change  the  one  into  the  other 
even  at  the  same  horizon  within  short  distances,  and  rather 
than  adopt  a  now  name  I  have  preferred  to  call  them  all  the 
Shinarump  Conglomerate. 

It  remains  to  mention  certain  minor  features,  which  are  not 
universal,  but  which,  nevertheless,  have  considerable  import- 
ance. In  the  lower  Little  Colorado  Valley  there  occur  numer- 
ous somewhat  calcareous  clay  lenses,  the  lime  taking  the  form 
of  bright  white  stripes,  while  the  clay  is  usually  purple  or 
pink.  These  are  very  distinct  objects  and  vary  in  size  from 
lenses  10  or  even  20  feet  in  length  to  small  lenticular  blocks  or 
somewhat  oval  or  even  spherical  clay  balls  or  pellets.  These 
calcareous  clay  inclusions  are  scarcely  seen  farther  to  the  south- 
east, but  on  Red  Butte  they  are  well  marked  and  here  the 
clay  becomes  brilliant  red  and  constitutes  a  true  paint  stone. 
Another  fact  to  be  noted  in  connection  with  the  Shinarump 
Conglomerate  is  that  at  certain  localities,  and  notably  on  Bed 
Butte,  there  is  at  its  base  a  clear  indication  of  a  transition  to 
the  Moencopie  beds.  The  conglomerates  proper  are  under- 
lain by  argillaceous  shales  closely  resembling  those  of  tbe 
Moencopie  beds,  but  beneath  these  is  a  sandstone  ledge  which 
cannot  be  referred  to  the  lower  division,  as  it  is  more  or  less 
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cross-bedded,  possesses  considerable  grit,  and  has  small  clay 
pellets  inclnded  in  it  similar  to  those  of  the  trne  conglomerate 
series,  in  which  I  have  for  this  reason  included  it.  This  con- 
dition of  things  may  be  somewhat  puzzling  from  the  strati- 
graphical  point  of  view,  but  the  disadvantage  in  this  respect 
18  much  more  than  compensated  for  b}'  the  evidence  that  it 
furnishes  in  favor  of  the  yiew  that  all  of  these  beds  really  con- 
stitute one  great  system,  and  as  opposed  to  the  view  which  it 
may  be  inferred  that  certain  geologists  hold,  that  the  series  of 
beds  which  I  have  included  under  the  name  of  the  Moencopie 
beds  belongs  to  a  different  system,  and  are  in  some  way  con- 
nected with  the  underlying  Paleozoic  rocks.  This  view,  in 
the  light  of  the  above  mentioned  facts  is,  in  my  opinion,  quite 
untenable. 

The  Le  Roux  Beds, — Under  the  name  of  Le  Koux  beds  I 
include  the  remainder  of  the  Sliinarump,  deriving  the  name 
from  Le  Koux  Wash,*  which  enters  the  Colorado  Valley  two 
miles  below  Holbrook,  and  on  which  some  15  miles  north  of 
Holbrook  this  series  attains  the  greatest  development  that  I 
have  observed,  probably  reaching  its  maximum  of  800  feet. 
These  beds,  too,  if  studied  at  localities  where  they  are  less 
developed,  might  be  supposed  to  form  several  quite  distinct 
subdivisions.  Indeed  I  was  of  this  opinion  during  most  of  my 
stay  in  the  lower  Little  Colorado  Valley,  but  even  before 
leaving  there  the  proofs  of  their  homogeneity  had  become 
abundant. 

At  least  the  lower  half  consists  of  that  remarkable  formation 
in  which  I  found  vertebrate  bones  in  1899  and  in  which  alone 
thus  far  vertebrate  remains  have  been  observed.  I  have  some- 
times designated  it  as  the  Tariegated  Marls,  sometimes  as 
the  Belodont  beds.  The  distinguishing  features  of  these  beds 
is  the  presence  of  great  numbers  of  small  buttes,  the  smaller 
ones  appearing  to  be  blue  clay  knolls,  but  the  larger  ones  show- 
ing other  colors,  especially  purple,  and  sometimes  several  bands 
of  different  hues.  Almost  everywhere  at  this  horizon  there 
exist  plains,  dotted  all  over  with  these  remarkable  little  buttes, 
varying  from  3  or  4  feet  to  20  or  30  feet  in  height,  usually  iso- 
lated from  one  another  and  having  a  form  peculiar  to  them. 
They  are  not  conical  in  the  true  sense  of  the  word,  since  they 
do  not  rise  to  a  point  at  the  summit,  but  are  always  rounded 
off  and  have  the  form  of  a  well  made  haystack,  the  smaller  ones 
looking  like  haycocks  iu  a  field.  These  butte-studded  plains 
are  of  course  simply  the  remains  of  a  plateau  or  mesa  which  has 

♦The  Dame  "Leroux's  Fork"  was  given  to  this  wash  by  Lieut.  Whipple's 
party*  who  followed  it  down  some  distance  and  encamped  at  its  junction  with  the 
Little  Colorado  on  Dec.  5,  1853,  this  being  their  Camp  79.  See  Pacific  Railroad 
Reports,  vol.  iii,  part  i,  p.  75.  The  name  is  written  in  two  words  on  the  Land 
OflBce  map  of  Arizona. 
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been  worn  away,  primarily  by  the  action  of  water,  bnt  for  a 
very  long  perioci  there  can  be  no  doubt  that  wind  has  been  the 
more  potent  agency.  There  is  evidence  throughout  that  entire 
region  that  the  amount  of  precipitation  was  formerly  much 
greater  than  at  present,  and  in  so  speaking  I  do  not  refer  to 
a  very  remote  date  geologically,  but  to  a  period  which  was 
probably  post-Tertiary.  Indeed,  from  the  present  condition  of 
many  of  the  regions  where  we  know  that  the  early  Indians 
dwelt,  and  who  must  necessarily  have  had  access  to  water,  now 
perfectly  dry,  with  all  sources  of  water  so  remote  that  they  can 
no  longer  be  inhabited,  it  must  be  inferred  that  there  has  been 
a  change  in  the  climate  within  the  period  of  human  occupancy. 
Certain  it  is  that  water  is  doing  very  little  relatively  in  this 
region  now,  while  the  agency  of  wind  is  conspicuously  marked 
wherever  it  can  produce  effects.  The  peculiar  form  of  these 
buttes  is  not  such  as  water  could  have  produced,  while  it  is 
precisely  the  form  that  wind  would  naturally  produce,  acting 
upon  the  very  fine  and  soft  materials,  somewhat  resembling 
ashes,  that  compose  these  buttes. 

Further  evidence  of  this,  if  any  were  needed,  is  found  in  the 
fact  that  in  approaching  the  general  escarpment,  which  bounds 
these  plains,  the  buttes  tend  to  lose  their  isolated  character  and 
form  ridges  projecting  out  from  the  cliffs.  It  never  happens 
that  an  entire  valley  or  plain  is  covered  by  a  single  system  of 
buttes.  These  systems  are  separated  by  wide  intervals,  often 
of  nearly  flat  country,  but  through  which  it  can  be  easily  seen 
that  water  once  flowed,  at  least  in  the  form  of  temporary  floods, 
and  in  such  a  manner  as  to  have  swept  away  every  vestige  of 
the  former  plateau,  and  in  crossing  which  there  are  encountered 
one  or  several  wide  beds  to  which  the  term  "  wash  "  is  popularly 
applied.  In  descending  the  Little  Colorado  this  condition  of 
things  is  not  met  with  until  within  some  8  or  10  miles  of  the 
Lee's  Ferry  road.  A  large  system  of  buttes  is  then  found 
extending  some  5  or  6  miles  down  the  river  and  across  the 
plain  to  the  first  terrace,  a  distance  of  3  to  5  miles ;  then  occurs 
the  first  wash,  2  miles  in  width,  followed  by  another  system  of 
buttes,  which  is  nearly  due  east  of  Tanner's  Crossing,  and  in 
which  most  of  the  bones  were  collected  by  our  party.  There 
is  then  another  wide  wash,  bnt  the  next  system  of  buttes  does 
not  reach  the  river,  but  trends  off  in  a  direction  nearly  dne 
north.  There  is  still  another  wash  before  the  great  Moencopie 
Wash  is  reached,  the  direction  of  which  is  such  as  to  be  highly 
favorable  for  the  preservation  of  these  buttes,  and  accordingly  < 
we  find  their  greatest  development,  so  far  as  this  region  is  con- 
cerned, along  the  Moencopie  Wash.  They  do  not  however 
follow  the  stream  up  in  the  direction  of  Tuba  City,  bnt  con- 
tinue to  trend  northward  along  the  wide  valley  tnat  lies  to. 
the  west  of  Willow  Springs  and  Echo  Cliffs. 
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The  reason  why  these  conditions  are  not  earlier  met  with  in 
the  valley  of  the  river  is  simply  that  the  river  does  not  follow 
the  line  of  strike,  and  these  beds,  being  common  to  the  entire 
formation,  must  always  occupy  the  same  horizon.  Above  the 
point  mentioned,  therefore,  they  must  be  looked  for  farther  in 
the  interior.  We  found  them  in  fact  five  miles  east  of  Black 
Falls,  or  25  miles  southeast  of  Tanner's  Crossing.  The  great 
bend  in  the  river  culminating  at  Winslow  keeps  these  beds 
constantiv  so  far  to  the  northeast,  and  in  a  region  where  it  is 
so  difficult  to  penetrate^  that  their  exact  condition  for  a  distance 
of  over  50  miles  is  little  known.  But  farther  up  the  river, 
where  they  approach  somewhat  to  the  region  of  settlement, 
they  again  admit  of  access,  and  as  already  remarked,  they  appear 
in  great  force  in  the  valley  of  Le  Roux  Wash.  Here  they 
cover  an  area  of  nearly  100  square  miles  and  form  two  great 
amphitheaters  of  veritable  bad  lands,  but  in  which  the  great 
variety  and  symmetry  in  the  form  of  these  buttes  and  ridges, 
as  well  as  the  variegated  and  iridescent  colors  that  prevail,  ren- 
der them  a  magnificent  spectacle.  They  can  be  seen  from  the 
southeast  for  a  distance  of  20  miles  as  a  white  line.  Viewed 
from  the  top  of  the  mesa  out  of  which  they  have  been  carved, 
the  denudation  having  been  arrested  at  a  particular  point,  they 
reveal  more  completely  than  at  any  other  place  the  true  char- 
acter of  this  formation.  In  the  Petrified  Forest  the  Le  Roux 
beds  are  also  well  developed  and  the  variegated  marls  are  found 
only  half  a  mile  east  of  the  Lower  Forest.  The  buttes  here  are 
quite  large  and  well  developed  and  bones  of  theBelodont  occur 
in  them.  In  the  northern  part  of  the  Petrified  Forest  region 
the  variegated  marls  lie  somewhat  farther  to  the  eastward. 
What  is  called  the  Middle  Forest  lies  in  the  midst  of  them,  and 
the  petrified  wood,  as  everybody  has  observed,  differs  here  con- 
siderably in  its  constitution  and  coloration  from  that  of  the 
upper  and  lower  forests,  which  lie  in  the  horizon  of  the  con- 
glomerate series. 

As  was  remarked  when  treating  of  the  conglomerates,  these 
variegated  marls  are  actually  found  stratified  between  the  sand- 
stones by  the  transformation  of  certain  shales  into  marls.  If 
these  beds  are  carefully  traced  a  short  distance  in  the  direction 
of  the  dip,  they  will  be  seen  to  thicken  very  rapidly  and  soon 
to  take  on  the  character  of  the  true  variegated  marls.  As  they 
start  from  underneath  a  bed  of  sandstone  which  caps  the  con- 
glomerates, and  which  does  not  so  readily  pass  into  marl, 
the  buttes  that  are  first  formed  are  usually  topped  out  by 
a  block  of  this  sandstone,  and  it  is  necessary  to  proceed  some 
distance  farther  in  the  direction  of  the  dip  to  reach  a  point 
where  the  sandstones  disappear.  This  however  ultimately 
takes   place  and   the    marl   oeds  thicken   to   such  an  extent 
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that  they  have  to  be  regarded  as  virtually  overlying  the  con- 
glomerates. In  fact,  in  the  bed  of  the  Moencopie  Wash,  on 
both  sides  of  which  these  beds  are  so  well  developed,  the  con- 
glomerates can  be  seen  distinctly  passing  under  the  marls. 

So  much  for  tlie  variegated  marls,  which,  for  the  purposes  of 
our  expedition,  constituted  the  most  important  subdivision  of 
the  entire  formation.  But  as  we  have  seen,  their  maximum 
thickness  is  about  400  feet  and  there  remain  still  another 
400  feet  before  we  reach  the  base  of  the  painted  cliffs. 
Throughout  the  whole  of  this  fossil  wood  is  abundant,  but  the 
character  of  the  beds  as  variegated  marls  no  longer  continues. 
In  the  lower  Colorado  Valley,  where  I  know  it  best,  the  varie- 
gated marls  are  succeeded  by  a  sandstone  ledge  at  least  100 
feet  in  height,  yielding  black  logs  of  very  fine  structure.  At 
this  point  these  sandstone  beds  constitute  an  escarpment  and 
form  a  small  terrace,  the  summit  of  which  is  a  dip  plane. 
Upon  this  lie  the  remains  of  the  next  set  of  beds,  which  are 
somewhat  remarkable,  primarily  in  being  essentially  limestones, 
but  they  consist  mainly  of  loose  material  somewhat  resembling 
dried  mortar,  for  which  reason  I  have  designated  them  mortar 
beds.  They  are,  however,  very  irregular  in  structure  and  contain 
much  impure  flint  and  large  flinty  stones.  In  the  midst  of  them 
there  occurs  a  true  limestone  ledge,  well  stratified,  succeeded 
by  a  continuation  of  the  mortar  beds.  In  the  region  mentioned 
these  beds  extend  to  the  limit  of  what  I  regard  as  true  Shina- 
rump,  and  petrified  wood  was  found  above  the  limestone  ledge. 

A  wider  acquaintance  with  this  part  of  the  formation  shows 
that  the  conditions  above  described  do  not  hold  at  all  points 
and  may  even  be  regarded  as  exceptional.  Nowhere  else 
except  at  Black  Falls  did  I  find  the  lower  sandstone  ledge,  and 
at  most  other  points  the  limestones  gradually  supervene  upon 
the  variegated  marls.  In  fact,  it  should  be  remarked,  that  not 
only  the  variegated  marls  but  also  the  shales  of  the  conglomerate 
series,  which  oecome  transformed  into  marls,  are  more  or  less 
calcareous;  and  when  we  find  that  the  entire  upper  portion  of 
the  Shinarump  consists  mainly  of  limestones  and  calcareous 
materials,  we  may  regard  all  of  this,  including  the  variegated 
marls,  as  virtually  a  calcareous  deposit.  If  we  were  to  look 
abroad  for  its  homologue  in  the  Trias  of  the  Old  World  we 
would  find  it  in  the  Muschelkalk,  while  the  conglomerate  series 
might  well  be  compared  with  the  Buntersandstein,  and  the 
Painted  Desert  beds  with  the  Keuper,  to  which  the  French  term 
Marues  Irisees  is  only  locally  applicable. 

In  the  extensive  exposures  on  Le  Roux  Wash  these  relations 
are  brought  out  with  great  force.  Overlying  the  true  varie- 
gated marls  which  stretch  out  for  a  distance  of  three  miles 
across  the  broad  eroded  valley,  the  limestone  series  comes  in  grad- 
ually and  scarcely  differs  except  in  the  degree  of  calcareousness 
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from  the  underlying  beds,  bnt  the  limestone  ledge  is  ultimately 
reached  and  is  sharp  and  definite.  It  has  a  thickness  of  about 
10  feet.  Over  it  lie  very  heavy  beds  of  calcareous  materials 
beginning  as  mortar  beds,  such  as  I  have  described,  but  soon 
baking  on  more  symmetrical  forms,  closely  resembling  the  marl 
buttes  of  the  valley  below.  The  color  also  changes,  and  many 
rf  the  buttes  are,  in  whole  or  in  part,  of  a  deep  blue  or  a  lively 
purple.  These  constitute  here  the  highest  beds  of  the  Shina- 
ruinp  and  fossil  wood  is  abundant  throughout.  Much  the  same 
conditions  prevail  in  the  Petrified  Forest  region,  but  the  devel- 
opment is  here  much  less  extensive. 

The  Painted  Desert  Beds. 

It  remains  to  consider  the  third  and  highest  series  of  the 
Older  Mesozoic  of  Arizona.  As  already  stated,  these  constitute 
the  elevated  cliffs  that  bound  the  valley  of  the  Little  Colorado 
on  the  northeast.  Although  broken  tlirougli  in  many  places, 
and  practically  wanting  for  long  distances,  they  still  constitute 
what  may  be  regarded  as  a  great  wall  separating  the  valley 
from  the  region  of  high  mesas  that  lie  in  the  Moqui  and  Navajo 
country.  As  these  beds  seem  to  contain  no  fossil  remains,  and 
as  they  are  throughout  the  greater  part  of  their  extent  practi- 
cally inaccessible  from  the  absence  of  water,  their  detailed  study 
bas  been  neglected,  and  I  was  able  to  acquaint  myself  with 
them  only  imperfectly  and  at  a  few  points. 

There  is,  however,  no  place  where  they  are  better  developed 
than  directly  east  of  Tanner's  Crossing,  where  we  remained 
longest,  and  on  several  occasions  the  attempt  was  made  to  reach 
them  from  our  camp  and  to  examine  them  closely.  Enough 
was  learned  to  justify  the  positive  statement  that  they  consist 
almost  entirely  of  sandstones,  perfectly  stratified,  the  different 
layers  differing  mainly  in  color,  thickness,  and  fineness  of  struc- 
ture. The  great  central  portion  constituting  the  escarpment 
and  having  a  thickness  of  about  800  feet  is,  within  these  limita- 
tions, practically  homogeneous.  The  series  begins,  however,  with 
a  bed  of  orange  red  sandstone,  highly  argillaceous,  and  soft  in 
structure,  easily  eroded,  and  readily  yielding  to  the  influence 
of  the  wind.  It  has  a  thickness  of  about  100  feet  and  in  the 
lower  Colorado  region  stretches  across  the  broad  valley  at  the 
base  of  the  escarpment  and  lies  directly  upon  the  uppermost 
limestones  of  the  Shinarump.  Here  it  forms  picturesque  and 
fantastic  buttes  and  chimneys  standing  out  upon  the  plain.  It 
occurs  in  the  same  position  overlying  the  Shinarump  on  Le 
Roux  Wash  and  forming  the  top  of  the  mesa  which  overlooks 
the  amphitheatres  that  I  have  described.  It  is  also  seen  above 
the  Shmarump  series  to  the  east  of  the  Petrified  Forest.  It  is 
therefore  probably  safe  to  assume  that  this  bed  is  continuous 
from  Echo  Cliffs  to  the  boundary  lino  of  New  Mexico. 
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Of  the  painted  cliffs,  consideriDg  the  little  that  is  known  of 
them,  there  seems  to  be  nothing  more  to  say.  In  looking  at 
these  cliffs  from  a  distance  it  is  seen  that  they  are  overlain  by 
a  white  formation,  the  nature  of  which  it  is  important  to  con- 
sider. Before  we  had  visited  the  region,  so  as  to  obtain  a  close 
view  of  them,  it  was  natural  to  suppose  that  they  might  consti- 
tute Jurassic  limestones  and  that  the  Triassic  system  might 
terminate  at  the  line  which  separates  them  from  the  variegated 
sandstones.  But  upon  close  examination  this  was  found  not  to 
be  the  case,  and  tliese  white  rocks  were  found  to  consist  of 
sandstones  often  very  pure  and  cross-bedded,  with  scarcely  any 
admixture  of  marl.  These  without  question  constitute  the  sum- 
mit of  the  Triassic  system  in  this  region.  They  are,  however, 
not  always  white,  or  at  least  in  some  places,  as  for  example  in 
the  vicinity  of  Tuba  City,  they  are  underlain  by  a  still  thicker 
bed  of  soft  brown  sandstone,  which  is  somewhat  argillaceous 
and  easily  worn  by  the  wind,  forming  chimney  buttes  and  ruins. 
This  bed  has  a  thickness  along  the  headwaters  of  the  Moan- 
copie  Wash  of  about  200  feel  and  is  overlain  at  the  highest 
points  by  the  white  sandstones  to  a  thickness  of  100  feet  more. 
These  sandstones  are  very  porous  and  all  the  waters  that  fall 
in  that  region  immediately  pass  through  them,  but  as  they 
approach  the  summit  of  the  much  harder  and  firmer  beds  that 
constitute  the  lower  portions  of  the  series  these  waters  are 
arrested  and  come  out  in  the  form  of  springs,  sometimes  almost 
of  small  rivers,  along  the  crest  of  the  cliffs  above  the  Moen- 
copie  Wash.  It  is  on  one  of  these  springs  that  the  little  Mor- 
mon town  of  Tuba  City  is  located,  and  this  is  true  also  of  Moa 
Ave,  Willow  Springs,  and  other  settlements  in  that  country. 
Still  farther  back  the  Cretaceous  lignites  and  limestones  lie 
nnconformably  upon  these  uppermost  sandstones  of  the  Trias, 
and  the  Jurassic  is  wanting  altogether. 

The  following  columnar  section  of  the  strata  of  the  Little 
Colorado  Valley  will  make  the  above  descriptions  more  clear. 

DESCRIPTION  OF  THK  SECTION.    (See  page  413.) 


Feet 

1.  Argillaceous  shales 100 

2.  Calcareous  shales 100 

3.  Argillaceous  shales   200 

4.  SaodstODes 100 

5.  Argillaceous  shales 200 

Total  thickness  of  Moencopie  beds  700 


Feet 

6.  Shinarump  Conglomerate 800 

7.  Variegated  marls 400 

8.  Sandstones 100 

9.  Limestone  ledge 20 

10.  Mortar  beds 80 

11.  Calcareous  marls 200 

Total  thickness  of  the  Shinarump  1,600 

Feet 


12.  Orange  red  sandstone 100 

1 3.  Variegated  sandstones 800 

14.  Brownsand  stones 200 

15.  White  sandstones 100 

Total  thickness  of  Painted  Desert  beds..  1,200 
Total  thickness  of  Trias 3,600 
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Art.  XLIV. — On  Pyrite  and  Marcaaite;  by  H.  N.  Stokes.* 

While  pyrite  and  marcasite  are  usually  readily  distinguished 
by  their  crystalline  form,  there  remains  a  residuum,  consistinff 
of  massive  or  finely-drained  concretionary  material,  in  which 
this  is  not  possible.  The  light  brass  color  of  pyrite  and  the  tin- 
white  of  marcasite,  which  can  be  seen  when  the  surfaces  are 
freshly  cleaned  with  acid  and  compared  with  standard  speci- 
mens in  a  good  white  light,  are  not  always  readily  made  out  in 
concretions  where  the  surface  is  rough  and  the  mineral 
frequently  contaminated  with  other  substances.  The  density 
too  may  be  misleading.  According  to  Ramraelsberg  and 
to  my  own  determinations,  pure  marcasite  has  a  density 
of  about  4:-90,t  while  that  of  pyrite  is  5*00  to  5-04.  The 
density  of  even  well  crystallized  specimens  of  pyrite  varies 
very  considerably,  and  as  a  criterion  of  the  presence  or 
absence  of  marcasite  is  practically  worthless,  especially  in  mas- 
sive or  concretionary  material.  A  series  of  crystallized  pyrites, 
which  were  shown  by  the  method  to  be  described  below  to  be 
free  from  marcasite,  gave  densities  varying  from  5*04  to  4*82, 
while  a  pyrite  concretion,  also  free  from  marcasite,  gave  only 
4-56.  A.  A.  JulienJ  has  employed  the  density  to  determine 
the  relative  amount  of  pyrite  and  marcasite  in  mixtures,  and  on 
this  method  he  has  based  the  hypothesis  that  most  specimens 
of  these  minerals,  even  when  well  crystallized,  are  intimate 
mixtures  of  the  two,  passing  into  complete  paramorphs.  It 
will  be  shown  below  that  this  view  is  untenable. 

The  greater  rapidity  of  oxidation  is  sometimes  used  to  dis- 
tinguish the  minerals.  While  it  is  unquestionably  true,  that 
under  precisely  similar  conditions  marcasite  vitriolizes  more 
rapidly  than  pyrite,  conclusions  based  on  this  fact  have  usually 
failed  to  take  into  account  the  important  factor  of  the  ratio  of 
surface  to  mass;  a  compact,  brilliant,  marcasite  is  stable  while 
a  porous  mass  of  pyrite  vitriolizes  readily.  Only  when  we 
know  this  factor  can  we  draw  any  conclusion  from  the  fact  of 
rapid  vitriolization. 

Penfield  has  described  a  method  for  distinguishing  the  min- 
erals, based  on  the  fact  that  boiling  nitric  acid  liberates  sulphur 
from  marcasite  but  not  from  pyrite,  a  method  which  is  clearly 
not  adapted  to  detecting  pyrite  in  the  presence  of  marcasite. 

*  This  paper  is  a  condensation  of  Bulletin  No.  1 86  of  the  United  States  Geolog- 
ical Survey  and  is  published  by  permission  of  the  Director. 

t  The  density  4*80  given  by  Julien  (Annals  N.  Y.  Acad.  Sci.,  vol.  iv,  1887,  pp. 
177,  210)  IS  certainly  too  low. 

X  1.  c.  pp.  166,  213. 
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There  is  no  method  hitherto  known  by  which  even  a  qualita- 
tive determination  of  the  two  is  possible  in  mixtures. 

In  connection  with  the  study  of  the  action  of  ferric  salts  on 
sulphides,  I  was  struck  by  the  quantitative  difference  of  the 
behavior  of  pyrite  and  marcasite,  and  out  of  this  has  been 
developed  the  following  method  for  distinguishing  them  and 
for  determining  them  quantitatively  in  mixtures. 

That  ferric  salts  oxidize  the  sulphur  of  pyrite  to  sulphuric 
acid  was  observed  by  do  Koninck*  and  the  same  has  since  been 
noted  by  other  observers,  without  an  attempt  having  been 
made  to  follow  the  reaction  quantitatively.  The  study  which 
I  liave  made  of  this  reaction  shows  that  under  uniform  and 
easily  controllable  conditions  the  percentage  of  the  total  sul- 
phur oxidized  is  very  constant  for  each  mineral,  but  differs 
greatly  in  the  two,  and  in  mixtures  is  an  index  of  the  amount 
of  each  constituent  present.  To  avoid  tedious  gravimetric 
determinations  I  employ  a  standard  solution  of  ferric  ammo- 
nium alum  containing  1  gram  Fe"'  per  liter,  with  4  grams  free 
sulphuric  acid  to  prevent  the  formation  of  basic  salts.  An 
excess  of  the  carefully  prepared  mineral  is  boiled  with  this 
solution  under  absolute  exclusion  of  air  until  the  reduction  of 
the  ferric  salt  is  practically  complete.  The  reaction  may  be 
regarded  as  taking  place  in  two  stages : 

(1)  FeS,+  Fe,(SOJ,  =  3FeSO,  +  2S. 

(2)  2S  +  6Fe,(SOJ,  +  8H,0  =  12FeSO,  +  8H.SO,. 

Since  the  active  mass  of  the  solid  phase  is  constant,  it  matters 
not  how  much  mineral  be  taken  for  a  given  volume  of  the 
solution  provided  it  be  in  excess,  nor  is  it  necessary  to  know 
the  absolute  quantities  of  iron  and  sulphur  involved  in  these 
reactions,  or  the  strength  of  the  permanganate  solution.  It 
suffices,  in  deducing  an  expression  for  the  oxidized  sulphur,  to 
employ  symbols  expressing  the  permanganate  equivalent  of  the 
iron,  and  the  symbols  used  represent  simply  tne  volumes  of 
permanganate  consumed  by  a  given  volume  of  the  solution. 
For  a  given  volume  let 

a  ■=.  iron  in  the  original  solution, 

b  =  resulting  ferrous  iron, 

c  =:  resulting  total  iron. 
Then 
c  —  a  =  increment  of  iron  resulting  from  decomposition  of  FeS,, 

and 

(3l*83\ 
— ~  I  (c— a)  =  total  sulphur  in  decomposed  sulphide.     (A) 

*  ADoals  Soc.  Geol.  Belgique,  vol.  x,  1883,  p.  101;  Zeitacbr.  anorg.  Chem.,  voL 
xxvi,  1901,  p.  123. 
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Also, 

3  (C'-a)  =?  ferrous  iron  produced  according  to  equation  (1) 
and 

d-  3  (c— a)  =  ferrous  iron  produced  by  oxidation  of  sulphur. 

Accordinsj  to  equation  (2),  1  atom  of  sulphur  requires  for 
oxidation  6  atoms  of  ferric  iron,  producing  6  atoms  of  ferrous 
iron:  hence, 

-.         *  (6~3(c— a)|  =  sulphur  oxidized.      (B) 

Calling  tlie  percentage  of  sulphur  oxidized  p^  we  obtain 
from  (A)  and  (B) 


100   31-83  A     ^,        A 

^ /3l-83\  .  T 


p  =  J^Jli:::!^ /  =   ^^^^t  -  25. 


It  thus  appears  that  three  titrations  suffice  to  determine  the 
percentage  of  sulphur  oxidized,  and  that  neither  the  amount 
of  FeS„  the  volume  of  the  ferric  solution  used,  nor  the  absolute 
titer  of  the  latter  or  of  the  permanganate  need  be  known.  As, 
however,  the  proportion  of  sulphur  oxidized  varies  with  the 
strength  of  the  ferric  solution,  tne  extent  of  reduction,  and  the 
temperature,  it  is  necessary,  in  order  to  obtain  comparable 
results,  to  use  a  solution  of  standard  composition  and  a  standard 
temperature,  and  to  continue  the  action  to  complete  reduction. 

Tne  value  j?,  or  the  percentage  of  sulphur  oxidized,  may  be 
called  the  oxidation  coefficient.     The  oxidation  coefficient  of 

Eyrite,  as  established  by  the  study  of  various  specimens,  varies 
etween  60  and  61  with  a  mean  of  60'4,  while  that  of  marca- 
site  varies  between  16*5  and  18.  In  duplicate  determinations, 
properly  made,  it  may  differ  about  one-half  unit.  It  is  clear 
then  that  in  these  figures  we  have  perfectly  characteristic  con- 
stants of  tlie  two  minerals.  It  may  be  noted  that  the  figures 
are  independent  of  any  contaminations  which  do  not  affect  the 
titer  of  the  solution,  or  which  can  be  removed  by  previous 
treatment. 

The  explanation  of  the  oxidation  coefficient  and  its  difference 
in  the  two  cases  is  probably  the  following:  the  molecules  of 
FeS,  are  acted  on  by  a  reagent  which  is  capable  of  oxidizing 
the  iron  more  rapidly  than  the  sulphur.  The  rate  of  solution 
of  the  pyrite  is  greater  than  the  oxidation  rate  of  the  sulphnr, 
hence  a  portion  of  the  latter,  under  the  given  conditions  about 
40  per  cent,  escapes  and  when  once  in  the  free  state,  ae  I  have 
found,  is  scarcely  attacked;  at  the  same  time  the  limit  of  the 
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oxidation  rate  of  the  iron  is  not  reached.  Marcasite  dissolves 
much  more  rapidly,  the  result  being  that  a  still  greater  portion 
of  the  sulphur,  about  82  per  cent,  escapes.  The  same  expla- 
nation naturally  applies  to  their  different  behavior  towards 
nitric  acid  as  observed  by  Penlield.  It  is  not  an  indication  of 
the  different  che?nical  constitution,  but  of  a  different  solution 
tension  conditioned  by  different  crystalline  structure.  Doubt- 
less a  similar  method  can  be  applied  in  other  cases  of  dimorphism 
to  determining  which  form  is  more  soluble.  I  propose  to 
apply  the  method  to  distinguishing  other  dimorphic  com- 
pounds. 

For  the  details  of  the  operation  and  apparatus  I  must  refer 
to  the  extended  article,  stating  here  that  the  material  must  be 
absolutely  free  from  oxidation  products,  and  must  therefore  be 
extracted  with  acid  and  washed  and  dried  in  carbon  dioxide, 
and  that  air  must  be  rigidly  excluded  during  the  operation  and 
complete  condensation  of  the  steam  provided  for.  The  stand- 
ard solution  oxidizes  both  pyrite  and  marcasite  much  more 
slowly  at  20*^,  but  the  per  cent  of  sulphur  oxidized  is  greater, 
namely  about  81  per  cent  for  pyrite  and  31  per  cent  for 
marcasite. 

Doubtless  the  action  of  ferric  salts  plays  an  important  part 
in  nature  in  the  disintegration  of  pyrite  and  marcasite,  the 
iron  acting  as  a  transferer  of  oxygen.  The  conditions  under 
which  the  sulphur  undergoes  complete  oxidation  are  as  yet  not 
clear,  and  this  subject  is  now  under  investigation. 

Mixtures  g/*  pryite  and  marcasite. — It  is  clear  that  the 
oxidation  coefficient  of  any  given  mixture  of  pyrite  and  marca- 
site cannot  be  deduced  by  any  simple  process  from  the 
coefficients  of  the  pure  minerals.  Each  mineral  is  here  decom- 
posing in  a  solution  containing  the  reaction  products  of  the 
other,  and  only  an  extensive  knowledge  of  the  influence  of  con- 
centration, acidity  and  dissociation  would  enable  us  to  deduce 
theoretically  a  curve  for  such  mixtures.  It  has  therefore  been 
necessary  to  construct  the  curve  from  data  obtained  by  experi- 
ments on  artificial  mixtures.  Since  the  action  is  a  surface 
action,  the  result  depends,  not  on  the  relative  weights,  but  on 
the  relative  surfaces,  and  uniformity  in  this  respect  was 
obtained  by  always  grinding  weighed  portions  of  the  minerals 
together.  The  results,  with  different  preparations  and  different 
samples,  show  that  perfect  agreement  can  be  obtained  in  this 
way,  the  results  for  different  samples  of  a  given  composition 
not  differing  more  than  one-half  unit.  The  following  table 
gives  the  mean  results  obtained : 

Per  cent  pyrite,    0      5       10      20      40      60      80      90      95      100 
Value  of  JO,        18-0  16*0   16-2  \1'\  22-3  290  403  489  62-9   60-6 

Am.  Jour.  Sol — Fourth  Series,  Vol.  XII,  No.  72.— December^  1901. 
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With  these  data,  a  curve  is  drawn  on  cross  section-paper  from 
which  it  is  possible,  after  finding^  the  oxidation  coefficient  of 
the  mixture,  to  read  off  the  relative  proportions  of  pyrite  and 
marcasite  to  within  1  per  cent  when  the  mixture  is  quite  rich 
in  pyrite  and  to  2  or  3  per  cent  when  it  consists  mainly 
of  marcasite.  The  existence  of  a  well  marked  minimum  in 
mixtures  with  10  per  cent  pyrite  is  noteworthy.  I  have 
detected  similar  minima  and  maxima  in  curves  given  by  mix- 
tures of  pyrite  with  other  minerals.  The  uncertainty  of 
duplicate  values  for  mixtures  with  less  than  25  per  cent 
pyrite,  caused  By  this  minimum,  is  obviated  by  mixing  the 
specimen  with  a  known  quantity  of  pyrite  and  determining 
the  oxidation  coefficient  of  the  new  mixture.  I f  a?  represents 
the  percentage  of  pyrite  in  the  original  sample,  a  mixture  of  90 
parts  of  this  with  10  parts  pyrite  will  give 

0'9x  4-  10  =  per  cent  pyrite  in  new  mixture, 

whence  a?,  composition  of  the  original  material,  is  easily  deduced. 
Here,  as  before,  the  results  express  siniply  the  percentage  com- 
position of  the  iron  disulphide,  indifferent  substances  being 
without  effect. 

In  regard  to  the  influence  of  impurities,  it  may  be  stated 
that  substances  which  do  not  contribute  iron  to,  or  effect 
reduction  of,  the  ferric  salt  are  without  influence.  Pyrrhotite, 
limonite,  siderite,  and  other  soluble  iron  compounds  and  zinc- 
blende  or  galena  in  small  amounts  may  be  extracted  by  heating 
with  dilute  hydrochloric  acid;  nickel  and  cobalt  and  other  iron 
free  sulphides  not  ex  tractable  by  acid  give  abnormal  resnlts. 
For  details  as  to  the  behavior  of  impurities  reference  must  be 
made  to  U.  S.  Geological  Survey  Bulletin  No.  186.  In  this 
connection,  it  is  interesting  to  note  that  in  a  pyrite  carrying  3 
per  cent  copper  it  is  possible  to  ascertain  whether  the  copper 
be  present  as  chalcopyrite,  or  as  chalcocite  or  bornite,  a  deter- 
mination which  could  scarcely  be  made  by  the  usual  analytical 
methods.  The  values  ofjp*  for  a  3  per  cent  mixture  were  found 
to  be : 

Pyrite-chalcopyrite .  _ 62  '7 

Pyrite-chalcocite 75*9 

Pyrite-bornite 76*4 

The  difference  is  many  times  the  probable  error  of  a  determi- 
nation. 

Small  amounts  of  chalcopyrite  mixed  with  pyrite  or  marca- 
site may  be  readily  detected  by  exposing  the  sample  to  bromine 

*  p  \8  here  obtained  as  before  by  substituting  the  permangaDate  values  in  tb6 
above  equation,  but  in  this  case  it  does  not  represent  strictly  the  percentage  of 
sulphur  oxidized. 
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vapor  for  half  a  minnte  and  then  to  hydrogen  sulphide  gas ;  the 
chalcopyrite  is  blackened,  while  the  iron  sulphide  remains 
bright.  I  have  used  the  same  method  to  detect  and  establish 
the  nature  of  minute  grains  of  chalcopyrite  inclosed  in  rocks. 

My  examination  of  various  samples  of  doubtful  nature, 
especially  of  concretions,  shows  that  the  finely  fibrous  speci- 
mens passing  as  marcasijte  are  very  commonly  pyrite. 

Dr.  Julien  has  very  kindly  given  me  a  number  of  the  iden- 
tical specimens  of  supposed  marcasitic  pyrite  and  paramorphs 
of  marcasite  after  pyrite  which  were  described  in  his  paper.* 
I  have  found  that  those  which  show  regular  crystallization  are 
actually  pyrite  free  from  marcasite,  nothwithstanding  their 
density  would  lead  to  the  conclusion  that  they  were  either  pure 
marcasite  or  a  mixture.  So  far  as  my  results  go,  there  is  no 
evidence  for  the  existence  of  such  mixtures  or  that  the  sup- 
posed paramorphs  sometimes  described  arc  anything  more  than 
replacement  or  incrustation  pseudomorphs.  I  have,  however, 
found  a  few  specimens  of  marcasite  which  enclose  pyrite  which 
cannot  be  detected  by  a  lens,  and  which  was  probably  simulta- 
neously deposited. 

A,  P.  Btowiils  hypothecs. — A.  P.  Brownf  has  published 
experiments  which  consisted  in  heating  pyrite  and  marcasite  in 
sealed  tubes  at  200°  with  cupric  sulphate  solution,  according  to 
which  marcasite  gives  up  its  iron  wholly  in  the  ferrous  form, 
while  pyrite  gives  a  mixture  containing  one-fifth  ferrous  and 
four-fifths  ferric  iron.  From  this  he  concluded  that  the  iron 
in  marcasite  is  wholly  ferrous,  while  in  pyrite  it  is  four-fifths 
ferric.  I  have  conducted  a  series  of  similar  experiments  with 
pyrite  and  marcasite  and  cupric  sulphate,  under  the  same  con- 
ditions, in  which  the  greatest  care  was  taken  to  eliminate 
oxidation  and  to  determine  both  ferrous  and  ferric  iron  in  the 
solution  and  the  precipitate.  My  results  all  agree  in  indicating 
that  the  pyrite  is  more  slowly  attacked  than  marcasite,  but  that 
the  iron  is  found  as  ferrous  iron  only  in  the  solution,  and  in  the , 
precipitate  as  ferric  iron  mixed  with  cuprous  oxide  and  cuprous 
sulphide.     The  results  are 

■p  r't  i  ^2'^"~    ^^'^  P^^  ^^^^  ferrous  iron 

P^  (  34*8—     30-1  per  cent  ferric  iron. 

For  marcasite    \  ^^'^~    ^^'^  P^''  ^^"^  ferrous  iron 

(41*8—    33*4  per  cent  ferric  iron. 

It  appears  therefore,  that  there  is  no  essential  difference 
between  the  decomposition  products  of  pyrite  and  marcasite, 
while   Brown's  view  requires  20  per  cent  ferrous    iron   for 

♦  Annals  N.  Y.  Acad.  Sci.,  vol.  iv,  1887,  pp.  176,  204. 

t  Proc.  Am.  Philos.  Soc,  vol.  xixiii,  1894,  p.  225  ;  Cbem.  News,  vol.  Izxi,  1R95, 
p.  179. 
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pyrite  and  100  per  cent  for  marcasite.  The  relative  amoants 
of  ferrous  and  ferric  salts  depend  simply  upon  the  establish- 
ment of  equilibrium  between  the  solution  and  the  decomposi- 
tion products  of  the  pyrite  and  marcasite,  not  upon  any 
fundamental  difference  in  the  minerals  themselves,  and  the 
hypothesis  in  question,  while  possibly  true,  is  thus  far  devoid 
or  a  valid  experimental  basis. 

As  part  of  an  investigation  of  the  reactions  involved  in  the 
secondary  deposition  of  copper  by  sulphides,  it  may  be  men- 
tioned that  cupric  chloride  at  200®  decomposes  pyrite  according 
to  the  equation 

FeS,  4- 1 4CuCl,  -*-  8H,0  =  1 4CuCl  4-  FeCl,  4-  12HC1  +  2H,S0, . 

Sulphuric  acid  is  also  formed  by  the  action  of  cupric  chloride 
on  cupric  sulphide  and  apparently  from  pyrite  and  cupric  sul- 
phate, so  that  the  oxidation  of  sulphur  appears  to  be  a 
necessary  part  of  the  reaction  when  certain  sulphides  are  acted 
on  by  cupric  salts.  These  reactions,  with  other  salts  and  sul- 
phides, are  still  under  investigation. 
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Art.  XLV.  —  Studies  of  Eocene  Mammalia  in  the  Marsh 
Collection,  Peabody  Museum:  by  J.  L.  Wortman.  With 
Plates  VIII  and  IX. 

[Continued  from  p.  38!.] 

The  Manus.  (Figures  48, 49.1  —  As  compared  with  the  pea, 
the  bones  of  the  mamis,  eepeciall;  the  metacarpals  and  phalanges, 
appear  ehorter,  heavier,  and  more  robiiBt,  The  carpus  con- 
tains the  eight  bones  common  to  the  Creodonts.  The  scaphoid 
is  rather  flattened  from  above  downwards ;  its  proximal  sur- 
face is  occupied  by  an  anterior  convex  facet  for  contact  with 
the  radius,  posterior  to  wliich  there  is  a  roughened  a^ea  for 
ligamentous  attachment,  and  a  large  posteriorly  projecting 
process  at  the  inner  posterior  angle.     Externally  there  is  a 


nFigu 


facet  by  which  it  touches  tl  e  lunar  and  fe  rly  tl  re  are 
three  facets, — an  inner  Ii  nate  a  ned  an  rl  o  o  lal  and  an 
outer  elongated  oval,  for  articulation  with  the  trapezium,  trape- 
zoid, and  centrale,  respectively. 

The  lunar  is  distinct,  and  of  a  more  or  less  quadrate  form 
when  viewed  from  in  front;  superiorly  it  presents  a  convex 
facet  for  articulation   with  the  radius;  internally  a  flattened 
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area  by  which  it  is  closely  applied  to  the  scaphoid  and  centrale ; 
externally  a  similar  area  for  contact  with  the  cuneiform,  and 
distally  a  deeply  saddle-shaped  articular  surface,  divided  by  a 
median  antero-posterior  ridge  into  two  equal  parts,  for  contact 
with  the  unciform  and  magnum. 

The  cuneiform  is  flattened  from  above  downwards  and  is 
imperfectly  quadrilateral  in  form,  with  the  posteroexternal 
angle  much  produced,  when  viewed  from  above ;  its  anterior 
and  external  surfaces  are  very  rugose,  presumably  for  the 
attachment  of  ligaments.  Superiorly  there  is  a  cup-shaped 
articular  depression  for  contact  with  the  ulna,  while  behind 
this  is  a  postero-external  facet  by  which  it  touches  the  pisiform. 
Inferictrly  there  is  an  excavated  articular  surface  by  means  of 
which  it  rests  on  the  unciform. 

The  pisiform,  like  the  other  boues,  has  an  unusually  rugose 
surface ;  it  has  the  usual  form  and  articulation  common  to  the 
Carnivora,  and  does  not  deserve  any  more  extended  description. 

The  unciform  is  by  far  the  largest  bone  of  the  carpus ;  it 
rests  almost  equally  upon  the  fourth  and  fifth  metacarpals, 
abutting  upon  the  side  against  the  third  metacarpal  and  the 
magnum,  and  supports  the  lunar  and  cuneiform. 

The  magnum  is  relatively  small,  and  is  remarkable  for  its 

great  antero-posterior  length  as  well  a^  the  low  position  of  the 
ead, — a  form  quite  unknown  elsewhere  among  the  Carnivora. 
Its  articulations  are  as  follows :  It  rests  exclusively  upon  the 
third  metacarpal ;  laterally  it  develops  a  contact  with  the  head 
of  the  second  metacarpal  and  the  trapezoid ;  externally  it 
touches  the  unciform,  and  superiorly  it  supports  about  equally 
the  lunar  and  centrale. 

The  trapezoid  is  also  small  in  comparison  with  the  other 
boues  of  the  carpus;  it  rests  upon  the  second  metacarpal, 
touches  the  magnum  upon  its  external  surface,  the  centrale 
and  scaphoid  above,  and  upon  its  internal  face  exhibits  a  dis- 
tinct facet  for  the  trapezium. 

The  trapezium  is  a  stout  ossicle,  somewhat  larger  than  in  the 
dog,  which  articulates  with  the  scaphoid  above  and  the  trape- 
zoid and  second  metacarpal  externally.  It  has  an  irregular 
triangular  shape,  and  at  its  distal  extremity  bears  an  oval  con- 
vex facet  for  articulation  with  the  metacarpal  of  the  pollex. 

The  last  bone  of  the  carpus  which  remains  to  be  described 
is  the  centrale.  This  is  a  small  antero-posteriorly  elongated 
ossicle  which  lies  at  the  junction  of  the  scaphoid  and  hmar, 
mainly  under  the  former,  and  resting  about  equally  upon  the 
trapezoid  and  magnum.  When  seen  from  in  front,  the  bone 
appears  to  lie  almost  exclusively  upon  the  magnum ;  pos- 
teriorly, however,  it  passes  over  on  the  trapezoid  to  a  consid- 
erable extent. 
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The  arrangement  of  the  metacarpals,  like  those  of  the  dog, 
is  on  the  paraxonic  plan ;  the  third  projects  a  trifle  beyond  the 
fourth,  but  the  difference  is  so  slight  as  not  to  affect  materially 
this  order.  In  like  manner,  the  distal  ends  of  the  second  and 
fifth  reach  about  the  same  level.  The  actual  length  of  the 
third  is  greater  than  the  fourth,  in  the  same  way  that  the 
second  is  longer  than  the  fifth,  but  these  differences  are  coun- 
terbalanced by  the  overlapping  of  their  proximal  articular 
extremities.  The  overlapping  and  consequent  interlocking  of 
the  second  with  the  third,  and  the  third  with  the  fourth,  are 
almost  as  great  as  in  the  metacarpals  of  the  felines  and  dogs, 
but  the  fifth  articulates  with  the  fourth  by  means  of  a  nearly  . 
plane,  flat  face,  with  little  or  no  interlocking.  In  size,  the 
second  metacarpal  is  much  the  largest,  having  a  more  or  less 
flattened  shaft.  The  third  and  fourth  have  about  an  equal 
degree  of  stoutness,  the  shaft  of  the  third  being  a  trifle  the 
thicker  of  the  two.  The  sides  of  these  two  bones  are  consid- 
erably flattened  laterally,  especially  in  the  proximal  half  of 
their  extent,  where  they  are  more  closely  approximated,  but 
the  amount  of  this  compression  is  much  less  than  in  the  dog. 
The  fifth  is  the  shortest  bone  of  the  four.  In  the  matter  of 
the  stoutness  of  the  shaft,  however,  it  is  intermediate  between 
the  second  and  third.  The  distal  extremities  resemble  those 
of  the  dog,  having  well-developed  keels  confined  to  the  palmar 
surface.  The  metacarpal  of  tne  pollex  is  missing  and  there  is 
no  certain  means  of  determining  the  degree  of  reduction 
which  it  had  reached,  unless  we  judge  by  the  size  of  its  articu- 
lation with  the  trapezium.  This  would  seem  to  indicate  that 
it  was  small  and  more  or  less  vestigial,  so  that  the  fore  foot 
was  essentially  tetradactyle. 

The  phalanges  of  the.  proximal  row  are  shorter,  broader, 
and  heavier  than  those  of  the  hind  foot.  That  of  the  second 
digit  is  notably  shorter  and  stouter  than  the  others.  The 
fourth  is  the  most  slender,  after  which  follow  the  third  and 
second.  The  phalanges  of  the  second  row  are  relatively  short 
and  heavy,  and  exhibit  a  considerable  degree  of  distal  asym- 
metry. The  unguals  are  rather  short  and  depressed  ;  they  are 
deeply  fissured  at  their  extremities  and  the  subungual  processes 
are  of  moderate  size.  The  ungual  foramen  is  present  in  all, 
and  is  of  good  size. 

Hind  Limb, — The  pelvis,  figure  50,  is  much  damaged  and 
manv  parts  are  missing,  but  enough  remains  to  furnish  some 
of  the  more  important  points  of  its  structure.  Of  the  ilium, 
the  region  of  the  sacro-iliac  synch rondrosis  is  present  with  that 
of  the  acetabulum.  A  considerable  portion  of  the  ischium, 
together  with  important  parts  of  the  pubis,  suflScient  to  give  a 
clear  idea  of  the  pelvic  outlet,  are  also  preserved.     From  these 
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fragments  it  can  be  determined  that  the  ilium  was  of  good 
length  and  considerably  expanded  anteriorly,  as  in  Mesonyx, 
The  tubercle  for  the  tendon  of  the  rectus  is  large  and  rugose. 
The  acetabulum  is  large,  of  moderate  depth,  and  the  acetabu- 
lar notch  is  deeply  incised.  The  ischial  spine  is  distinct,  the 
obturator  foramen  long  and  narrow,  and  the  pubis  compara- 
tively short.  This  latter  fact,  taken  in  connection  with  the 
narrowness  of  the  sacrum,  figure  51,  gives  a  remarkably  small 
outlet  to  the  pelvis.     There  is,  of  course,  no  means  of  deter- 

50 


Figure  60.  —Pelvic  outlet  of  Dromocyon  vorax  Marsh ;  anterior  view ;  show- 
ing dimensioDS ;  one-balf  natural  size. 


51 


52 


Figures  51,  52. — Sacrum  of  Dromocyon  vorax  Marsh,  and  of  a  Newfoundlaod 
dog ;  under  view  ;  showing  differenco  in  width ;  one-half  natural  sire. 

mining  the  sex  of  the  fossil ;  but  assuming  it  to  be  a  male,  if 
the  pelvic  outlet  in  the  female  were  as  small  in  proportion, 
the  young  must  have  been  very  small  at  birth.  For  the  sake 
of  comparison,  I  give  in  figure  53  an  outline  drawing  of  the 
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pelvic  outlet  of  a  male  Newfoundland  dog,  and  in  figure  52 
an  under  view  of  the  sacrum.  The  bones  of  this  skeleton  are 
but  little  larger  than  those  of  Dromocyon,  The  difference  is 
certainly  very  great ;  this  is  all  the  more  remarkable,  when  we 
rememoer  that  the  skull  of  Dromocyon  is  proportionally 
much  larger  than  that  in  the  dog.  If,  as  before  remarked,  the 
females  had  a  proportionally  small  pelvic  outlet,  there  seems 
to  be  no  escape  from  the  conclusion  that  the  young  were  bom 
in  a  very  weak  and  helpless  condition,  like  the  Marsupials,  a 
fact  which  may  have  had  something  to  do  with  their  extinc- 
tion, especially  when  it  is  remembered  that  they  were  exposed 

53 


Figure  63. — Pelvic  outlet  of  male  Newfoundland  dog ;  anterior  view ;  show- 
ing dimensions ;  one-half  natural  size. 

to    competition   with  the    rapidly    developing   contemporary 
Canids. 

The  Femur.  (Figures  54,  55,  56,  57,  58.)  —  In  all  of  its 
essential  features,  the  femur  presents  a  very  striking  likeness 
to  that  of  the  dog;  it  is,  however,  proportionally  a  little 
shorter  and  the  shaft  has  a  greater  backward  curvature.  The 
head  is  relatively  larger,  the  neck  shorter,  and  the  trochanter 
major*oi  greater  fore  and  aft  extent.  There  is  a  large  second 
trochanter  which  is  placed  upon  the  internal  margin  of  the 
shaft,  and  an  elongated  third  trochanter  which  extends  well 
down  upon  the  outer  border.     The  distal  end  of  the  bone  is 
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FiouHB  57.— DibUI  end  ot  femur  ot  Dromoryim  v 

orax  Uanih  ;  on 

-haU  lutnnl 

Blie.    (Type.) 

FiGL-BE  68.— Head  of  femur  of  Dromocyou  vara 

lUarsh;  end   v 

ew;  oiie-li»lf 

DBtural  size.     (Tjpe.) 
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remarkable  for  the  great  antero-posterior  diameter  of  the  con- 
dyles, exceeding  the  dog  in   this  respect,  and  qnite  equaling 
some  of  the  Artiodactjle  tTngulates.  There 
is  a  distinct  popliteal  fossa,  the  inner  edge  ^^ 

of  which  is  prominent  and  marked  at  its 
lower  extremity  by  an  oval  facet,  for  a 
rather  large  popliteal  fabclla.  The  prom- 
inence of  this  part  of  the  bone  indicates 
unusual  strength  for  the  tendinous  origin 
for  tlie  outer  and  inner  beads  of  the  ffos- 
trocnemius,  which  is  well  in  accord  with 
the  cursorial  powers  of  the  species;  The 
condyles  are  snbequal  in  size  and  the  inner 
projects  to  a  eliglilly  lower  level  than  the 
outer.  There  is  a  deep  intercondylar  notch 
leading  forward  into  a  well-marked  roto- 
lar  groove. 

Tlie  patella  is  relatively  larger  than  that 
of  the  dog;  it  is  elongated,  narrow  from 
side  to  side,  and  rather  thick  from  before 
backwards.  The  proximal  extremity  is 
truncated  and  roughened  for  the  attach- 
ment of  the  large  quadriceps  tendon.  It 
has  the  typical  form  of  a  runuinE^  animal. 

The  Tioia  and  J^ibula.  (Figures  59, 
60.) — The  tibia,  as  in  the  dog,  is  a  trifle 
shorter  than  the  femur.  The  head  dis- 
plays two  suhequal  depressions,  of  which 
the  outer  is  slightly  the  larger,  to  receive 
the  femoral  condyles.  The  spine  is  bifld, 
but  the  separation  is  not  so  clearly  evident 
as  it  is  in  the  dog.  The  cnemial  crest  is 
very  large  and  extends  more  than  half-way 
down  the  shaft,  whereas  in  tJte  dog  it  is 
limited  to  the  upper  third.  The  upper 
posterior  portion  of  the  shaft  is  deeply 
excavated.  The  inferior  extremity  exhibits 
a  trochlear  surface  simitar  to  that  of  the 
dog.  The  internal  malleolus  is  a  strong 
process  and  the  trochlear  grooves  are  pronounced. 

The  iilmla  has  a  relatively  stouter  shaft  than  that  of  the 
dog,  but  at  the  same  time  is  much  reduced  ;  it  is  applied  to  the 
lower  end  of  the  tibia  for  a  cousiderable  distance.  Tiie  shaft 
is  triangular  above  and  oval  in  cross-section  below.  The  dis- 
tal end  is  large,  and  forms  a  stout  external  malleolus  in  the 
ankle  joint;  it  articulates  with  tiie  astragalus  by  means  of  a 
lateral  facet,  and  does  not  touch  the  calcaneum. 


FiamtE   59.  —  Tibia 
J  Bliula  o(  Drnmoeyon 

iw.    one-half  natural 
»     (Tjp..) 
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The  Pea,  (Plate  VIII.)  —  As  a  whole,  the  pes  is  very  d<^- 
like  in  general  appearance ;  the  loss  of  the  hallux,  the  com- 
pressed, elongated,  and  highly  interlocking  character  of  the 
metatarsals,  as  well  as  the  distinctive  "sqnare-cut"  aspect  of 
their  distal  ends,  recalls  at  once  the  hind  foot  of  the  dog. 
There  are,  however,  some  important  differences  which  will  be 
pointed  out  in  the  course  of  this  description.  The  astragalus, 
if  found  dissociated  from  the  other  parts  of  the  skeleton,  and 

if  the   head  were  not  so   convex   from 
^^  before  backwards,  might  readily  be  mis- 

taken for  that  of  a  Perissodactyle  Ungu- 
late.    Indeed,  it  furnishes  just  such  a 
transitional   stage    as    we    may   readilv 
believe  to  have  preceded  the  peculiarly 
specialized  type  of  this  bone  in  the  Artio- 
dactyla.     The  trochlear  surface  is  deeply 
Figure  60.—  Tibia  and  grooved,  the  head  is  set  rather  obliquely 
fibula  of  Dromocyon  vorax  ^po^  the  bodv  bv  a  moderately  elongated 
S   naturT/  si":!  "^ck,  and  its"di8tai  end  is  divided  into 
(Type.)  two  unequal  facets.     Of  these  the  larger 

is  internal,  slightly  concave  from  side  to 
side,  and  articulates  with  the  navicular;  while  the  outer  is 
narrow,  much  prolonged  npon  the  posterior  surface^  and  articu- 
lates with  the  cuboid.  The  calcaneal  facet  is  narrow  and 
deeply  concave  from  above  downwards,  while  the  sustentaca- 
lar  facet  is  broad,  slightly  convex,  and  more  or  lees  pyriform 
in  outline.  There  is  no  astragalar  foramen.  As  compared 
with  the  astragalus  of  the  dog,  the  transverse  axis  of  the  head 
coincides  more  nearly  with  the  transverse  plane  of  the  trochlea; 
the  calcaneal  facet  is  narrower,  and  the  sustentacular  facet  is 
broader. 

The  calcaneum  has  a  relatively  longer  tuber  than  that  of  the 
dog,  but  otherwise  the  two  agree  very  closely.  The  cuboid  is 
proportionally  larger  than  that  of  the  dog.  Proxiraally  there 
18  a  distinct  facet  for  the  astragalus,  but  otherwise  the  articu- 
lar surfaces  are  much  alike  in  the  two.  In  the  posterior  aspect, 
however,  they  differ  considerably  ;  in  the  dog  the  cuboid  has  a 
double  peroneal  tubercle,  of  which  the  smaller  is  external  and 
just  above  the  commencement  of  the  peroneal  groove,  and  the 
other,  larger,  is  located  near  the  center  of  the  posterior  sur- 
face. The  direction  of  the  peroneal  groove,  which  is  large,  is 
downwards  and  inwards.  In  Dromocyon  there  is  but  a  single 
large  elongate  tubercle,  occupying  nearly  the  whole  of  the 
posterior  surface.  Beneath  the  distal  extremity  of  this  tubercle 
IS  a  notch,  which  is  converted  into  a  distinct  groove  upon  the 
outer  surface  of  the  bone,  marking  the  course  of  the  long 
peroneal  tendon.      In  the  dog  the  tendon  pafises  obliquely 
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down  to  its  attachment  upon  the  base  of  the  second  meta- 
tarsal, and  the  groove  is  relatively  large ;  whereas  in  Dromo- 
eyon  it  is  small,  aud  the  tendon  passed .  down  to  the  oater 
edge  of  the  tubercle,  thence  turned  abruptly  inwards  to  be 
inserted  in  the  same  place.  The  relatively  large  size  of  the 
peroneal  tubercle,  which  serves  principally  for  tne  attachment 
of  the  calcaneo-cuboid  ligament,  may  be  taken  to  indicate 
unusual  firmness  of  the  tarsal  joint. 

The  navicular  has  much  the  same  general  shape  as  in  the 
dog,  and  differs  from  it  in  that  it  is  narrower,  and  its  proximal 
surface  more  deeply  saddle-shaped ;  it  articulates  with  the 
cuboid  in  quite  the  same  way,  and  distally  exhibits  the  three 
usual  facets  for  the  cuneiiormia.  Posteriorly  it  presents 
some  important  differences  from  that  of  the  dog.  In  the 
ease  of  the  latter,  there  are  two  more  or  less  distinct  navicu- 
lar tubercles,  separated  by  a  wide  sulcus.  In  Dromocyon 
there  is  a  single  tubercle,  which  is  produced  into  a  long 
pointed  process.  The  three  cuneiformia  differ  from  those  oi 
the  dog,  in  that  they  are  decidedly  higher  and  narrower  from 
side  to  side ;  their  manner  of  articulation  is,  however,  much 
the  same.  The  internal  cuneiform  is  large  and  elongate, 
bearing  upon  its  distal  extremity  an  articular  facet  for  a  rudi- 
ment of  tne  first  metatarsal. 

The  metatarsals  closely  resemble  those  of  the  dog,  not  only 
in  their  elongate,  compressed,  and  highly  interlockmg  charac- 
ter, but  they  show  a  decided  tendency  towards  lateral  flatten- 
ing of  their  contiguous  surfaces.  Their  distal  ends,  moreover, 
exhibit  that  characteristic  "square-cut"  appearance  so  com- 
mon to  the  modern  Canidfie.  The  foot  is  of  the  strictly 
paraxonic  type,  the  third  and  fourth  metapodials  being  of 
equal  length.  While  the  second  and  fifth  are  also  of  equal 
length,  the  second  is  much  the  larger  and  stouter  bone,  the 
disparity  in  size  being  considerably  greater  than  that  seen  in 
the  dog,  and  about  equal  to  that  of  the  fore  foot.  The  distal 
metapodial  keels  are  present  and  well  developed  ;  they  are, 
however,  confined  to  the  plantar  surface  and  do  not  extend 
more  than  half-way  around  upon  the  dorsal  surface. 

The  proximal  phalanges  are  proportionately  shorter, 
stouter,  and  more  robust  than  in  the  dog,  but  the  articular 
faces  have  very  much  the  same  disposition  and  extent. 
Proximally  the  plantar  notch  is  not  so  deeply  incised  as  in 
the  phalanges  of  the  dog,  but  their  dorso-plantar  curvature 
appears  to  be  somewhat  greater.  The  median  phalanges,  or 
those  of  the  middle  row,  are  proportionately  still  shorter  than 
those  of  the  first,  as  compared  with  the  dog.  They  exhibit  a 
slight  degree  of  distal  asymmetry.  The  unguals  are  short, 
laSier  broad,  and  deeply  fissured. 
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The  following  principal  measurements  are  herewith  given: 


Length  of  skull •. 318*5 

Width  of  skull  at  posterior  portion  of  zygomata 160- 

Height  of  anterior  nares 54* 

Vertical  diameter  of  orbit 43* 

Height  of  occiput  above  base  of  condyles .    1 13*5 

Width  of  condyles 54* 

Greatest  width  of  occiput 32* 

Length  of  superior  tooth  line  from  anterior  border  of 

incisors 1 54* 

Length  of  premolar  series 62* 

Length  of  molar  series 45* 

Antero-posterior  diameter  of  superior  canine 20" 

Length  of   lower  jaw 248* 

Length  of  inferior  dentition 151* 

Greatest  depth  of  jaw  including  corouoid 93* 

Depth  of  jaw  opposite  first  molar 43* 

Width  of  palate  between  canines _ 33*5 

Width  of  palate  opposite  first  molar 46' 

Transverse  diameter  between  inferior  canines  (internal).     18* 
Transverse  diameter  between  inferior  canines  (external).     44* 

Transverse  diameter  of  inferior  canine 13* 

Total  length  of  vertebral  column,  as  articulated,  including 

sacrum,  exclusive  of  curves;  tail  not  included 860* 

Total  length  of  vertebral  column,  including  curves;  tail 

not  included 910* 

Length  of  tail  (estimated) 970* 

Length  of  cervicals 230* 

Length  of  dorsals 338* 

Length  of  lumbars..      280* 

Length  of  sacrals  (estimated) 62* 

Length  of  body  of  axis,  including  odontoid 60* 

Height  of  axis  at  posterior  border  of  centrum 63* 

Antero-posterior  length  of  spine  of  axis 68* 

Height  of  seventh  cervical,  including  spine 113* 

Height  of  first  dorsal,  including  spine 128* 

Height  of  ninth  dorsal 64* 

Length  of  body  of  penultimate  lumbar 36* 

Width  of  sacrum  ...    40* 

Length  of  first  rib : 71* 

Length  of  third  rib 132- 

Length  of  seventh  rib 169* 

Width  of  third  rib 20* 

Width  of  seventh  rib 13* 

Length  of  scapula 197* 

Antero-posterior  diameter  of  glenoid  cavity 38*5 


DO 
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sveree  diameter  of  glenoid  cavity 27*"™ 

th  of  humerus .' - 210* 

averse  diameter  of  distal  end  of  humerus 35* 

ro-posterior  diameter  of  distal  end  of  humerus 86' 

th  of  ulna 230- 
th  of  olecranon  of  ulna 49*6 

th  of  radius 174* 

averse  diameter  of  head  of  radius 26* 

ro-po8terior  diameter  of  head  of  radius 17 *6 

averse  diameter  of  distal  end  of  radius 3C*6 

ro-posterior  diameter  of  distal  end  of  radius 22* 

th  of  forefoot 152* 

th  of  carpus 40- 
th  of  second  metacarpal 65- 
th  of  third  metacarpal 75*5 

th  of  fourth  metacarpal 71* 

th  of  fifth  metacarpal 56* 

th  of  first  phalanx,  digit  II 28*5 

th  of  second  phalanx,  digit  II 15* 

th  of  ungual  phalanx,  digit  II 15* 

th  of  first  phalanx,  digit  III  28*6 

;th  of  second  phalanx,  digit  III 15* 

th  of  ungual  phalanx,  digit  III 16- 
th  of  first  phalanx,  digit  V 27* 

;th  of  second  phalanx,  digit  V 13-5 

:th  of  ungual  phalanx,  digit  V 15* 

th  of  pelvis  (estimated) 240- 

h  of  pelvis  at  anterior  border  of  pubic  symphysis.  64- 

ical  diameter  of  pelvic  outlet 58* 

sverse  diameter  of  pelvic  outlet 42* 

ro-posterior  diameter  of  acetabulum 30'5 

:th  of  femur -.  227* 

sverse  diameter  of  proximal  end  of  femur 51* 

sverse  diameter  of  distal  end  of  femur 42* 

ro-posterior  diameter  of  distal  end  of  femur 49* 

:th  of  tibia 217* 

sverse  diameter  of  head  of  tibia  ..- 44- 

iro-posterior  diameter  of  head  of  tibia,   including 

cnemial  crest 54- 

sverse  diameter  of  distal  end  of  tibia  and  fibula 39- 

ro-posterior  diameter  of  distal  end  of  tibia 23- 

:th  of  hind  foot 235- 

;th  of  tarsus,  including  the  tuber  calcis 91* 

th  of  tarsus 32*5 

;th  of  calcaneum :  66* 

;th  of  astragalus 49* 

th  of  astragalus 32* 

Ih  of  cuboid  in  front 25* 


mm 
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Tiength  of  second  metatarsal 78*5 

Length  of  third  metatarsal : 87* 

Length  of  foarth  metatarsal --.  87* 

Length  of  fifth  metatarsal 74-5 

Length  of  first  phalanx,  digit  II 27* 

Length  of  first  phalanx,  digit  III 29* 

Length  of  first  phalanx,  digit  IV 29*6 

Length  of  first  phalanx,  digit  V.   26* 

Length  of  second  phalanx,  digit  III 16* 

Length  of  ungual  phalanx,  digit  III 15 '5 

This  specimen  is  from   the   volcanic-ash  bed   of  Henry's 
Fork,  Bridger  Basin,  and  was  found  by  J.  Heisey. 

[To  be  continued.] 
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T.  XLVI. — Dielectric  Constant  of  Paraffins ;  by  "Will  G. 

HORMELL. 

?HE  following  paper  presents  some  experiments  in  which 
means  of  a  modified  form  of  the  Blond  lot  oscillator  the 
lectric  constants  of  four  commercially  different  parafSns 
•e  obtained  for  40,  60,  and  80  centimeter  waves.  The 
»er  also  contains  an  investigation  of  the  relative  velocities 
80  centimeter  waves  along  magnetic  and  non-magnetic 
es  of  different  diameters.  And  finally  there  is  given  in 
table,  by  way  of  comparison,  the  light  index  of  refraction 
the  different  paralBns  for  the  D,  line  as  obtained  by  means 
;he  Abbe  ref ractometer. 

Apparatus. 

i^ignre  1  is  a  diagram  of  the  connections  made  to  the  vari- 
pieces  of  apparatus  used  in  the  experiment.    The  terminals 


dd  b  are  connected  to  a  commercial  line  delivering  an  alter- 
ing current  with  a  pressure  of  52  volts.  The  resistance  R 
sed  to  regulate  the  quantity  of  current  flowing  through  the 
iuit.  T  is  a  transformer  whose  primary  of  about  200  turns 
vound  around  a  core  of  soft  iron  wire.  The  secondary  of 
coil  contains  about  2000  turns.  C  is  a  battery  of  four 
den  jars  each  having  a  capacity  of  5900  electrostatic  units. 
8  a  Tesla  coil  made  after  the  formula  given  by  Tesla  and  is 
able,  when  fed  to  its  full  capacity,  of  giving  a  ten-inch 
rk.  In  all  the  following  experiments  a  current  of  about 
nperes  was  taken  from  the  commercial  line  which  would 
3  in  the  Tesla  coil  a  spark  of  not  more  than  3^™.  G  is  a 
pk  gap  consisting  of  two  small  iridium*  cylinders  inserted 
^in.  brass  spheres.  The  length  of  the  spark  gap  can  be 
\\y  adjustea  by  means  of  a  screw  thread  on  the  axle  of  one 
:he  spheres. 
*he  constancy  of  the  spark  at  this  gap  is  of  the  greatest 

♦G.  W.  Pierce,  this  Jouraal,  vol.  ix,  p.  266,  1900. 

f.  JouB.  Sol— FouBTH  Skrieb,  Vol.  XII,  No.  '72.~DEC£iiBBR,  1901. 
30 
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importance  in  eecnring  the  best  possible  results  from  the  oscil- 
lator. A  rapidly  rotatinj;  disc  presenting  projections  to  the 
opposite  terminal  of  the  gap  gave  very  indifferent  resnltE. 
Zinc  balls,  polished  brass  balls,  and  brass  balls  with  platintim 
terminals  inserted  after  the  fashion  of  the  irtdiam  cylinders, 
were  used,  but  none  of  these  gave  the  constancy  secnred 
through  the  use  of  the  iridium.  Platinum  terminals  gave  the 
next  best  i-esults,  but  on  account  of  their  rapid  deterioration 
they  required  almost  constant  attention  in  order  to  keep  their 
sarfaces  well  polished.  The  iridium  gap  needs  no  attention 
except  for  occasional  adjustment  of  length. 


The  secondary  terminals  of  the  Tesla  coil  are  joined  to  the 
primary  terminals  E'E  (figure  2)  of  the  Blondlot  oscillator. 
The  remaining  portion  of  figure  1  is  shown  in  detail  in 
figure  3. 

The  Blondlot  oscillator  (fignre  2)  is  the  modified  form  used 
by  W.  D.  Coolidge.*  Some  additions,  however,  have  been 
made  in  order  to  bring  the  adjustments  more  completely  under 

•  Aonalett  der  Phjsik,  liTii,  p.  ST8,  1899. 
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the  control  of  the  observer.  The  two  semicircles  comprisiDg 
the  primary  coil  are  firmly  fastened  to  two  hard  rubber 
uprights  which  are  pivoted  on  the  crossbar  L. 

The  screw  D  regulates  the  spark  gap  in,  A  spiral  spring, 
not  shown  in  the  figure,  wound  round  D.  keeps  the  two 
uprights  separated.  The  wire  E'  is  passed  through  a  thick- 
walled  glass  tube  and  is  inserted  in  one  of  the  ball  terminals 
of  the  primary.  The  other  wire  E  forms  a  spark  gap  at  A;, 
which  is  regulated  by  the  screw  G.  The  glass  tubes  are  held 
in  place  by  pressure  screws  not  shown  in  the  figure.  This 
framework  holding  the  primary  is  placed  in  a  4x5  in.  glass 
jar.     Immediately  under  the  primary  a  secondary  of  the  same 


diameter  is  placed,  and  its  terminals  are  led  out  through  two 
corks  inserted  in  the  side  of  the  jar  (figure  3).  This  coil  is 
firmly  held  fn  position  by  three  rubber  posts  sent  up  from  a 
rubber  plate  placed  in  the  bottom  of  the  jar.  A  mica  plate  is 
placed  between  the  primary  and  secondary,  the  distance 
between  which  is  regulated  by  the  screw  A  (figure  2).  The 
screw-clamp  F  (figure  3)  holds  the  framework  of  the  primary 
rigidly  in  place.  When  the  coils  are  in  use  the  jar  is  filled 
with  kerosene. 

The  first  bridge,  B,  (figure  3),  rests  in  a  groove  in  the  rubber 
support.  It  is  30""™  long,  1""™  thick  and  3"°*  wide.  It  has  two 
holes  in  which  to  receive  the  ends  of  the  secondary,  and  these 
when  in  place  are  soldered  to  the  bridge.  Two  grooves  sym- 
metrically placed  are  filed  on  top  of  the  bridge,  I'S*^""  apart. 
The  Lecher  wires,  L,  rest  in  these  grooves  and  are  clamped 
firmly  to  the  bridge  by  means  of  the  top  of  the  rubber  sup- 
port, which  is  furnished  with  two  strong  brass  screws.  The 
other  ends  of  the  Lecher  wires,  I'S*^"  apart,  are  clamped  in  a 
second  rubber  support.  The  supports,  about  ISO*"™  apart,  are 
strong  enough  to  allow  a  tension  of  several  pounds  on  the 
wires.  Unless  otherwise  designated,  the  Lecher  wires  are 
made  of  No.  18  copper  wire. 

The  second  and  movable  bridge,  B„  is  a  brass  wire  1""™  in 
diameter  and  4*^°  long.  The  post  holding  the  bridge  works  in 
a  socket  containing  a  spring  which  presses  the  bridge  against 
the  two  wires.     The  base  oi  the  bridge  holder  has  an  index 
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extending  over  a  meter  rod,  thus  indicating  the  position  of  the 
bridge. 

P  is  a  Pliieker  ar^n  tnbe  mounted  in  such  a  way  that  it 
may  be  moved  at  will  along  the  three  mutually  perpendicular 
directions.  Tubes  filled  with  other  gases  were  tried  but  none 
of  these  glowed  with  such  brilliancy.  Professors  John  Trow- 
bridge and  T.  W.  Kichards*  have  called  attention  to  the 
unusual  sensitiveness  of  an  argon  tube  to  oscillating  discharges. 
In  order  to  observe  the  glow  of  the  tube  to  the  best  advantage 
it  is  necessary  to  work  in  a  darkened  room. 

Some  Preliminary  Experiments. 

(a)  Determination  of  the  Line  Constants. 

In  this  adjustment  of  the  oscillator  the  primary  was  made 
of  copper  wire  2"""  in  diameter  and  was  furnished  with  dis- 
charging balls  4°""  in  diameter.  The  diameter  of  the  coil  was 
4^™.  The  total  length  of  the  secondary,  including  the  leading 
out  wires  to  the  first  bridge,  was  about  25^.  In  every  case  the 
secondary  is  made  of  number  18  copper  wire.  The  wave 
length  given  out  by  such  a  combination  when  the  primary  was 
•3"""  from  the  secondary  was  61*33*^".  In  order  to  determine 
the  exact  wave  length  one  ma^  proceed  as  follows :  Place  the 
argon  tube  under  the  wires,  in  contact  with  them,  and  about 
14*^™  from  the  first  bridge.  Slide  the  movable  bridge  along 
the  wires  until  the  first  position  of  maximum  glow  is  reached ; 
this  will  be  27*80^  from  the  first  bridge.  When  the  bridge  is 
in  the  proper  position,  the  maximum  glow  of  the  tube  may  be 
easily  noted  from  the  extension  of  the  glow  into  the  sealing 
off  tube. 

Coolidgef  found  it  necessary  to  connect  the  first  bridge 
with  the  earth  in  order  to  lead  off  the  irregular  vibrations  of 
the  oscillator,  which  otherwise  masked  the  position  of  the  node 
of  the  fundamental  wave. 

I  have  not  found  this  necessary,  however,  and  attribute  it 
largely  to  the  accurately  symmetrical  arrangement  of  the 
primary  and  secondary. 

Table  I  contains  a  set  of  readings  which  were  taken  for  the 
determination  of  the  line  constants.  In  this  as  in  all  other 
cases  ten  readings  were  taken  in  locating  the  position  of  a 
node.  The  average  *of  two  or  three  such  groups  for  the 
same  node  never  varied  beyond  a  half  of  one  per  cent. 

The  readings  for  the  nodes  most  distant  from  the  first 
bridge  are   not  so   concordant,  but  the  percentage  of  error 

♦This  Journal,  vol.  iii,  p.  19,  1897. 

f  Anoalen  der  Phjsik,  lx?ii,  p.  582,  1899. 
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Tablb  I. 

2d  node  with 

iBt  uode. 

2d  Dode. 

balance  tube. 

3d  node. 

4th  node. 

27-66«™ 

68-86«°» 

68-16«°» 

89-25«"* 

120-75«° 

27-66 

68-96 

58-00 

89-55 

120*45 

27-80 

69-16 

68-30 

89-50 

120-65 

27-75 

68-75 

68-00 

89-50 

120-55 

27-80 

69-00 

68-20 

89-25 

121-00 

27-80 

68-80 

58-20 

89-60 

120-80 

27-90 

69-15 

68-35 

89-55 

120-80 

27-70 

69-16 

6815 

89-40 

120-50 

28-00 

68-60 

58-10 

8955 

120-30 

27-96 

69-00 

68-00 

89-75 

120-50 

27-80  58-94  5814  89-49  120-60 


is  no  greater.  Generally  a  carefnl  adjustment  of  the  three 
spark  ^ps  will  lead  to  a  more  brilliant  and  a  more  con- 
stant glow  of  the  tube.  Frequently  for  various  reasons  the 
tube  will  cease  to  glow  in  the  dark.  If  on  these  occasions 
white  light  from  an  incandescent  lamp  or  a  lighted  match 
be  permitted  to  fall  on  the  tube,  it  will  instantly  begin  to 
glow.  This  is  no  doubt  "the  effect  of  ultra  violet  light 
upon  the  electric  discharge  "  which  Hertz*  has  so  thoroughly 
investigated. 

Positive  and  negative  surgings  staf-t  at  the  middle  of  the 
first  bridge  and  meet  in  opposite  phases  at  the  middle  of 
the  second  bridge,  thus  forming,  according  to  Hertz,  poten- 
tial loops  at  points  midway  between  the  two  bridges  and 
potential  nodes  at  the  middle  of  the  bridges.  The  distance 
between  the  middle  points  of  the  bridges  is  a  half  wave 
length,  the  value  of  which  can  be  found  by  adding  the  dis- 
tance between  the  two  wires  to  the  scale  reading.  It  is 
doubtful  just  what  this  bridge  correction  ought  to  be,  but  the 
determination  of  the  wave  length  by  another  method  (given 
later)  seems  to  confirm  the  above  correction. 

This  half  wave  is  not  the  length  of  a  free  half  wave  along 
the  wires.  The  presence  of  the  tube  has  added  capacity  to  the 
wires  and  thereby  shortened  the  wave.  The  tube  correction 
must  therefore  be  determined.  To  do  this  find  the  position 
of  the  second  node.     The  table  shows  this  to  be  58*94"°. 

Now  place  a  tube,  which  we  shall  call  the  balance  tube,  in 
contact  with  the  wires  at  the  middle  of  the  second  potential 
loop.  The  wave  is  now  shortened  by  an  amount  which  is 
equal  to  the  tube  effect.  The  balance  tube  ought  to  be  of  the 
same  diameter  as  the  argon  tube,  but  its  length  is  not  essential 

*  Electric  Waves,  p.  63. 
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provided  it  extends  beyond  the  two  wires.  The  balance  tube 
as  well  as  the  argon  tube  ought  to  be  within  at  least  \\^^  of 
the  middle  loop,  otherwise  the  capacity  effect  is  lessened. 

One-half  of  this  last  reading  (i.  e.  the  distance  between  the 
first  bridge  and  the  second  node)  will  give  what  may  be  called 
the  hafftvhe  wave^  in  which  one  node  rests  on  the  wires  and 
the  other  rests  on  the  center  of  the  bridge.  We  shall  call  the 
former  the  loire  node,  and  the  latter  the  bridge  node.  The 
balance  tnbe  may  now  be  removed  and  the  third  and  fourth 
nodes  located,  leaving  the  argon  tube  at  the  first  potential  loop, 
though  as  far  as  the  position  of  the  nodes  is  concerned  the  tube 
may  be  placed  at  any  other  potential  loop.  If  we  add  the  tube 
effect  to  the  average  reading  in  the  second  column,  and  also 
the  distance  between  the  two  wires,  we  shall  get  what  may  be 
called  a  wave  length  in  air.  [llo  this  is  added  also  a  scale  cor- 
rection of  3""™.)  This  is,  in  fact,  the  length  of  a  free  wave  along 
the  wires,  but  since  the  experiments  of  Sarasin  and  De  La 
Rive*  have  shown  that  the  velocity  of  a  rapidly  oscillating 
electrical  disturbance  along  a  wire  is  the  same  as  that  in  air, 
we  have  good  authority  for  calling  the  above  the  wave  length 
in  air. 

The  same  quantity  may  be  secured  by  subtracting  the  first 
reading  from  the  third  and  the  second  from  the  fourth. 

Summary  of  the  line  constants, 

(1)  58-94— 5814  =  •80'^"»  =  tube  effect. 

,.     58-14-f"^  ,      , 

(2) =  29-22«™  =  i  tube  wave. 

(3)  58-14-f  3-f  80  +  1-80=:  61-84«""  =  wave  length  in  air. 

(4)  89-49  — 27-80  =  61-69      =  "  " 
(5)120  61-58-94                 =61*67      =           "  " 


61 '73      =  average  wave  length  in 
air. 

It  will  be  seen  that  the  wave  length  in  air  determined  by 
the  first  method  (3)  is  very  approximately  the  same  as  that 
secured  by  the  second  method  (4)  and  (5). 

{h)  Determination  of  the  Dependence  of  the  Wave  Length  upon 
the  Distafice  between  the  Primary  a7id  the  Secondary  Coils. 

• 

In  this  experiment  the  coils  were  5"°  in  diameter.  The 
primary  semicircles  were  made  of  3"""  wire  and  had  discharg- 
ing balls  5°''°  in  diameter.  The  pitch  of  the  screw  controling 
the  primary  was  1-27'"°'.     The  primary  was  removed  and  re- 

*  A^rchives  des  Sciences  et  Naturelles  Geneve,  1890,  xxiii,  p.  113. 
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placed  a  namber  of  times  in  order  to  test  the  accuracj  with 
which  the  relative  positions  of  the  coils  conld  be  reproduced. 
In  all  cases  the  agreement  of ,  the  wave  lengths  was  verj 
satisfactory. 

Table  II. 


Distance  between 

centers  of  coils. 

Wave  length 

2.84«nm 

89*80^" 

3-15 

87-25 

3-46 

84-80 

3-77 

80-20 

4-08 

76-10 

4-39 

73-05 

469 

71-15 

Table  II  shows  the  results  of  this  experiment.  It  will  be 
observed  that  as  the  distance  between  the  coils  increases  the 
wave  length  decreases,  showing  that  a  decrease  in  the  capacity 
and  mutual  induction  of  the  system  decreases  the  period  of 
oscillation. 

(c)  DetermincUion  of  the  Relative  Velocittes  of  Electrical  Waves 
along  Magnetic  and  Non-Magnetic  Wires  of  Different 
Diameters. 

In  this  experiment  the  coils  were  5*^™  in  diameter  and  the 
length  of  the  secondary  was  48*5^.  The  coils  were  kept  at 
the  same  distance  and  the  Lecher  wires  were  changed. 


Tablb  III. 

Kind  of  wire. 

Diameter  of  wire. 

Corrected  wave  length 

Copper 

I'OO"*" 

81-62«°» 

Copper 

2-00 

80-84 

Copper 

3-40 

80-80 

Iron 

1-00 

81-70 

Iron 

1-25 

81-56 

Iron 

1-80 

80-36 

Iron 

2-60 

80-86 

Copper 

100 

81-08 

Nickel 

•93 

80-90 

German  silver 

1-00 

80-88 

Brass 

100 

81-10 

Copper 

Secondary 

1-00 

79-26 

Iron 

Secondary 

1-00 

79-44 
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Table  III  shows  the  final  results.  The  last  two  sets  of  read- 
ings shows  the  comparison  of  waves  prodoced  when  the  Lecher 
wires  were  kept  constant  and  the  secondary  of  the  Blondlot 
oscillator  changed.  In  the  first  case  the  secondary  was  made 
of  copper  wire  and  in  the  second  it  was  of  iron.  Great  care 
was  taken  to  make  the  two  secondaries  of  the  same  size  and 
shape  and  to  keep  the  primary  and  secondary  the  same  dis- 
tance apart  in  both  cases. 

Allowing  less  than  one  per  cent  for  error  of  observations,  it 
is  readily  seen  that  the  wave  lengths  for  different  kinds  of  wires 
are  practically  the  same.  One  concludes  from  these  observa- 
tions that  conductors  offer  no  resistance  to  the  passage  of  short 
electrical  waves,  and  that  the  magnetization  of  iron  is  not  able 
to  follow  oscillations  as  high  as  800,000,000  per  second.  These 
conclusions  agree  with  those  of  Hertz*  and  Lodge. f  But  St. 
John:(:  found  a  difference  of  wave  length  in  iron  and  copper  of 
from  li  to  3  per  cent.  This  difference,  however,  was  for 
oscillations  of  115,000,000  reversals  per  second. 

Dielectric  Constant  of  Paraffin, 

Maxwell  has  shown  theoretically  that  the  dielectric  constant 
of  a  substance  is  equal  to  the  square  of  the  index  of  refraction. 
The  index  of  refraction  of  a  given  substance  for  electrical 
waves  as  well  as  for  light  waves  is  the  ratio  of  their  relative 
velocities  in  air  and  in  the  given  substance.  But  since  the 
ratio  of  the  velocity  is  equal  to  the  ratio  of  the  wave  lengths 
we  have 

K=a'  =  ^-^V  where 


-•=($)■ 


\,        =  the  wave  length  of  a  given  electrical  disturbance  in  air. 
A,         =  the  wave  length  of  the  same  electrical  disturbance  in  the 

given  substance, 
ft         =  index  of  refraction. 
K        =  dielectric  constant. 

The  Blondlot  oscillator  offers  a  unique  and  very  satisfactory 
means  of  measuring  the  wave  length  in  air  and  in  the  given 
substance.  This  means  is  satisfactory  because  one  is  able  to 
keep  the  oscillator  in  a  constant  condition,  thus  making  the 
wave  length  in  air  a  constant  for  a  given  combination.  The 
method  of  securing  the  wave  length  in  air  has  been  described, 
and  it  now  remains  to  indicate  the  way  in  which  the  wave 
length  in  paraflSn  may  be  obtained. 

*  Electric  Waves,  p.  113. 

f  Modern  Views  of  Electricity,  p.  101,  1889. 

X  ProceediDgs  of  American  Aoadomj,  p.  218,  1894. 
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Let  us  enppose  that  the  oscillator  is  adjasted  for  a  half  wave 
length  of  about  40^.  Take  a  block  of  paraffin  40^"  long,  6"^ 
wide  and  8^  thick.  It  can  be  readily  sawed  from  a  commer- 
cial cake  by  means  of  a  table  rip-saw.  With  this  same  saw 
make  two  grooves  1*8^  apart  and  half  way  through  one  side. 
Bring  the  block  up  under  the  two  Lecher  wires,  making  them 
lie  in  the  grooves  and  placing  the  end  of  the  block  against  the 
support  of  the  first  bridge.  Using  a  hot  iron  and  a  piece  of 
paraffin,  run  the  melted  wax  into  the  grooves,  thus  making  a 
solid  column  around  the  wires.  Place  the  argon  tube  between 
the  free  end  of  the  column  of  wax  and  the  movable  bridge. 
When  the  oscillator  is  in  action  and  the  tube  located,  it  will  be 
noticed  that  the  distance  between  the  end  of  the  column  and 
the  bridge  is  less  than  the  half  tube  wave.  The  column  may 
now  be  cut  off  piece  by  piece  until  the  wire  node  of  the  half 
tube  wave  rests  on  the  end  of  the  column.  The  length  of  the 
column  plus  half  the  distance  between  the  Lecher  wires  (-9*™) 
is  very  approximately  the  half  wave  length  in  paraffin.  In  the 
actual  experiment  the  length  of  this  column  was  26*4^.  And 
if  to  this  we  add  *9^  we  shall  get  27*3^*°  as  the  approximate 
wave  length.  If  the  base  of  the  apparatus  be  long  enough  for 
three  half  waves,  a  column  of  paraffin  85  or  90^  long  ought  to 
be  moulded.  For  this  purpose  a  box  was  prepared  90*^°*  long, 
8^™  wide,  and  8^  deep,  and  was  lined  with  tinfoil.  It  was 
ut  together  with  screws  so  that  it  could  be  easily  taken  apart. 

y  a  suitable  contrivance  two  copper  wires  l-S*^"^  apart  could 
be  stretched  through  the  middle  of  the  box  and  made  long 
enough  to  be  fastened  in  the  two  supports  of  the  base.  The 
melted  paraffin  was  poured  into  the  box  and  allowed  to  cool 
partially.  Then  a  closely  fitting  top  was  placed  on  the  paraf- 
fin and  the  whole  subjected  to  a  pressure  brought  into  play  by 
three  iron  clamps.  A  gauge  inserted  in  the  side  of  the  box 
recorded  the  pressure.  All  this  was  necessary  in  order  to 
secure  columns  uniformly  dense  and  free  from  air  holes. 
Having  a  column  thus  suitably  prepared,  one  must  decide  two 
questions  before  a  final  determination  of  the  dielectric  constant 
is  made. 

1st.  How  much  beyond  a  node  may  the  end  of  the  paraffin 
column  rest  without  changing  the  position  of  the  second 
bridge  ? 

2a.  How  large  in  area  must  the  section  of  the  column  be 
in  order  to  include  the  whole  of  the  effective  field  surround- 
ing the  Lecher  wires  ? 

The  first  question  can  be  quickly  answered.  Fasten  the 
moulded  column  between  the  supports,  making  one  end  rest 
against  the  first  support.  It  will  be  about  3""°  from  the  first 
bridge,  since  the  bridge  rests  in  a  groove  3™"  from  the  outer 


I' 
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surface.  Putting  the  argon  tube  and  the  movable  bridge  be- 
yond the  column  of  paraffin,  and  locating  the  iirst  external 
node  (the  fourth  from  the  first  bridge),  it  will  be  found  that  a 
node  (the  third)  will  rest  in  the  column  6  or  8*^  from  the  end. 
Saw  off  a  2^°"  slab  from  the  end  of  the  column  and  again  locate 
the  node.  Continue  this  until  the  wire  node  of  the  half  tube 
wave  rests  upon  the  end  of  the  column.  Frequent  experi- 
ments have  shown  that  if  the  column  be  as  much  as  1*5*™  too 
long  or  too  short,  the  position  of  the  fourth  node  is  not 
affected.  The  conclusion,  therefore,  is  that  no  error  will  be 
made  if  the  column  of  paraffin  be  1'5***  too  long  or  too  short, 
or  the  end  be  not  against  the  first  bridge.  This  fact  makes  it 
very  convenient  when  using  the  same  column  for  different 
wave  lengths. 

This  same  column  of  proper  length  may  be  used  to  answer 
the  second  question.  After  the  position  of  the  fourth  node 
has  been  determined,  the  column  may  be  removed,  and  by 
means  of  the  table  saw  the  section  reduced  to  one  6  X  8*^"*.  The 
process  of  locating  the  node  and  reducing  the  section  may  be 
continued  until  the  column  is  too  thin  to  allow  further  reduc- 
tion. 


Table  IV. 

Area  of 

Change  in 

Effect  on 

Sizo  of 

cross 

Position  of 

position 

one-half 

columD. 

section. 

node. 

of  node. 

wave  length 

.  7  ><  gem 

56«q.  cm 

120'34*=°» 

6X8 

48 

120-20 

5XV 

35 

120-35 

4X6 

24 

120-28 

3X5 

15 

120-83 

.5cm 

.2cm 

2X4 

8 

123-60 

3-2 

1-1 

1-5  X  3-5 

6-2 

126-68 

6-4 

2-3 

1X3 

3 

131-14 

11-8 

4-4 

Table  IV  shows  the  result  of  this  experiment.  From  it  we 
learn  that  the  effective  field,  so  far  as  it  can  be  determined  by 
means  of  an  argon  tube,  certainly,  lies  within  a  column  whose 
cross  section  is  5x7*^.  By  a  comparison  of  the  values  in  the 
fifth  column  with  those  in  the  fii-st,  we  find  that  the  effect  on 
the  half  wave  varies  approximately  inversely  as  the  square  of 
the  distance  of  the  wires  from  the  outer  surface. 

Four  specimens  of  the  paraffin  were  secured  from  a  wholesale 
dealer.  Thy  were  known  as  numbers  120,  125,  130  and  135, 
their  numbers  representing  their  melting  point  on  the  Fahren- 
heit scale.  Two  columns  of  each  kind  were  prepared  and  the 
melting  point  on  the  centigrade  scale  noted.     The  density  was 
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ietermined  from  four  different  specimens  of  each  column. 
The  total  pressure  to  which  the  paraffin  was  subjected  when  in 
the  mould  was  2140  lbs.,  or  7  lbs.  per  sq.  in.  Moulding  the 
columns  under  pressure  was  the  only  way  in  which  masses  of 
this  size  could  be  secured  of  anything  like  uniform  density. 
The  dielectric  constant  of  a  column  moulded  without  pressure 
differed  as  much  as  3  per  cent  from  that  of  a  column  of  the 
»me  kind  of  paraffin  moulded  under  pressure. 

In  Table  Vl  will  be  found  the  dielectric  constant  of  two  kinds 
)f  oil,  a  paraffin  oil  and  a  "  transformer  oil."  This  grade  of 
>araffin  oil  is  sometimes  used  for  transformers,  but  the  so-called 
'  transformer  oil "  is  said  by  the  wholesale  dealers  to  be  the 
)e8t  oil  procurable  for  transformer  work.  In  order  to  make 
he  necessary  measurements  with  these  oils  a  telescoping  box 
vas  made  and  lined  with  tinfoil.  The  ends  were  constructed 
>f  thin  rubber  plates  and  through  them  the  Lecher  wires  were 
tretched.  When  the  nodes  rested  on  or  near  the  rubber  ends 
he  wave  length  in  air  was  not  changed  by  the  presence  of  the 
K)x.  The  box  was  filled  with  oil  and  the  length  adjusted 
mtil  the  outer  end  rested  on  the  third  node.  The  box  was 
Iso  filled  with  melted  paraffin  and  the  temperature  effect  on 
he  position  of  the  node  was  noted. 

Table  V  shows  how  the  index  of  refraction  and  therefore 
he  dielectric  constant  increased  as  the  temperature  decreased, 
t  is  very  probable  that  the  change  of  the  dielectric  constant 
an  be  accounted  for  on  the  ground  of  the  change  in  density. 
?he  densities  at  79°  C.  and  at  18°  C.  are  given  in  the  table. 

Table  V. 

Index  of  Dielectric 

Temperature.  refractioo.  constant  Density. 

79**  C.  1-44(7)  2-09(5)                   -764 

71  C.  1-45(6)  2-12(5) 

65  C.  1-46(3)  2-14(0) 

56-5  C.  1-47(1)  2-16(3) 

53-7  C.  1-47(5)  2-17(6) 

18  C.  1-48(2)  2-19(8)                    -908 

In  order  to  illustrate  the  method  by  which  the  dielectric 
onstantof  each  column  foi:each  wave  length  was  determined, 
have  selected  a  set  of  readings  at  random.  They  are  the 
ata  secured  for  column  I  of  the  number  120  paraffin. 


Diameter  of  primary 5*00 

Length  of  wave  in  air 40-85 

liCngth  of  tube  wave 39*24 

Length  of  column 83-00 


cm 
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Position  of  fourth  node, 

let  set  of  readings.  2d  set  of  readings. 

121-90  12210 

121-45  121-60 

12206  122-30 

12200  121-70 

122-05  122-30 

121-65  122-00 

12210  12205 

122-05  122-30 

122-40  121-80 

12215  122-50 


121-99  122-07 

12207 
121-99 


122-03 
39-24 


82*79  =  scale  reading  for  position 
of  node. 
82-79  =  scale  reading  for  position  of  node. 
-30  =  scale  correction. 
•90  =  bridge  correction. 


3)  83-99 


27-99  =  length  of  half  wave  in  paraffin. 

40-85  ,  ,^,,, 

=u=  1-46(1) 

27-99       ^  ^  ' 


Cwi:]'= ^ = -'<») 


By  a  very  simple  device  the  primary  of  the  oscillator  was 
replaced  by  one  4*^  in  diameter  and  under  this  was  placed  a 
secondary  of  corresponding  diameter.  With  this  combination 
the  half  wave  in  air  was  30*66*^™.  Witli  a  Z"^  primary  the 
half  wave  in  air  was  20-85*^".  By  a  happy  coincidence  which 
was  not  altogether  fortuitous,  the  columns  were  long  enough 
to  contain  within  the  limit  of  error  three  half  waves  of  the  5°° 
primary,  4  half  waves  of  the  4^^"*  primary,  and  6  half  waves  of 
the  3""  primary. 

Table  VI  exhibits  a  comparison  of  the  melting  points,  den- 
sities, indices  of  refraction  and  dielectric  constants  of  the 
paraffins  and  the  two  kinds  of  oils  for  tlie  three  different  wave 
lengtlis.  The  dielectric  constant  of  the  oils,  however,  was 
determined  for  only  one  wave  length.  In  the  last  two  col- 
umns will  be  found  the  light  index  of  refraction  for  the  D  line 
and  the  corresponding  dielectric  constant.     A  comparison  of 
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Tablb  VI. 

(ft 

Observed 
melting 
point 

Density. 

l/2A=40-84«« 

l/2A=30-66«« 

1/2X=20  84««». 

A=00006896«» 

• 

/* 

K 

A* 

K 

/* 

E 

A* 

E 

0 
5 
0 
5 

47-6^  C. 
50-2°  C. 
53-3**  C. 
56-2**  C. 

309""  flash 

• 

-894 
-905 
•907 
•897 

•905 
•823 

1-46(2) 
1-47(3) 
1-48(3) 
1-49(0) 

1-54(3) 
1-48(7) 

2-13(7); 
2-18(0)' 
2-19(8)! 
2-22(1). 

2-38(1) 
2-21(3) 

1-47(0) 
1-48(9) 
1-49(3) 
1-50(1) 

216(1) 
2-21(8) 
2-22(0) 
2-26(4) 

1-48(8) 
1-50(4) 
1-50(2) 
1-61(2) 

• 

2-21(7) 
2-26(2) 
2-25(6) 
2-28(6) 

1-5380 
1-5430 
1-5605 
1-6623 
1-5060 
1-4566 

2-3655 
2-3808 
2-4044 
2-4098 
2-2650 
2-1711 

'the  dielectric  constants  for  any  given  substance  will  reveal  the 
fact  that  in  every  case  there  is  a  gradual  increase  as  the  wave 
length  decreases,  even  including  the  lightwave.  These  results 
certainly  indicate  the  analogous  behavior  of  electrical  and  light 
waves.  A  comparison  of  tne  dielectric  constants  of  the  diner- 
ent  paraffins  shows  that  these  constants  increase  with  the  melt- 
ing point.  From  these  experiments  it  seems  necessary,  there- 
fore, in  tabulating  the  dielectric  constant  of  paraffin,  to  give  its 
density,  its  melting  point,  and  the  wave  length  for  which  the 
constant  was  obtainea.  The  third  decimal  place  is  bracketed 
because  the  accuracy  of  measurements  does  not  warrant  its 
unqualified  use,  and  yet  the  quantities  of  which  the  tabulated 
numbers  are  the  average  are  of  such  uniformity  that  some 
credence  must  be  given  to  this  third  place. 

Light  Index  of  Refraction, 

The  light  index  of  refraction  was  obtained  by  means  of  an 
Abbe*  refractometer.  This  is  constructed  upon  the  principle 
of  total  reflection  and  is  graduated  to  read  airectly  tne  index 
of  refraction  of  the  Dj  line  of  any  transparent  liquid  or  solid 
which  can  be  placed  between  its  prisms.  Films  of  paraffin 
were  easily  procrfred  by  floating  bits  of  wax  on  hot  water  and 
allowing  the  melted  wax  to  solidify.  In  order  to  insure  close 
contact,  both  the  film  and  the  prisms  were  gently  heated  before 
the  wax  was  placed  before  the  prisms.  The  refractometer  gave 
data  also  from  which  by  means  of  a  table  one  could  calculate 
the  dispersion  factor  between  the  D,  and  the  F  lines. 

Having  the  index  of  refraction  for  two  lines  in  the  spectrum, 

*  Physikalischer  Praktikum,  Wiedemann-Ebert 
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one  may  apply  Cauchy's  formula  and  thus  obtain  the  index  for 
infinitely  Jong  waves.  When  the  constants  A  and  B  of  this 
formula  are  eliminated,  it  takes,  according  to  Gordon,*  the 
following  form : — 

/Li  =  index  of  refraction  for  infinitely  long  waves 

A  =r  00 

fi         =  "  "  **  a  given  long  wave 

/Aj         =       *    "  "  "a  shorter  wave 

A  and  A  represent  the  corresponding  wave  lengths. 


Table  VII. 

• 

//,  for 

//a  for 

/io  for 

//',  for 

fi't  for 

/i'o  for 

;i=81-64<^'". 

;i=4r64<=°>. 

?■>  =    00. 

Di  line. 

F  line. 

^=  00. 

1-46(2) 

1-48(8) 

1-45(6) 

1-5380 

1-5667 

1-498 

1-47(3) 

1-50(4) 

1-46(2) 

1-5430 

1-6589 

1-509 

1-48(3) 

]-:)0(2) 

1-47(7) 

1-5505 

1-5665 

1-513 

1-49(0) 

1-51(2) 

1.48(5) 

1-5523 

1-5684 

1-519 

Table  VII  shows  the  results  obtained  from  the  application 
of  this  formula  to  the  light  indices  and  also  to  the  electrical 
indices.  The  values  of  the  sixth  column  should  agree  with 
those  of  the  third.  They  should  at  least  be  less  than  the  index 
found  for  the  longest  wave.  This  formula  does  not  appear  to 
fit  the  experimental  facts. 

Conclusions. 

1.  For  reversals  as  high  as  800,000,000  per  second  the  veloc- 
ity of  electrical  disturbances  along  magnetic  and  non-magnetic 
wires  of  different  diameters  is  the  same,  thus  showing  that  the 
magnetic  properties  of  iron  are  not  able  to  follow  such  rapid 
changes. 

2.  The  effective  field  around  the  Lecher  wires  as  far  as  it 
can  be  detected  by  means  of  an  argon  tube,  does  not  extend 
more  than  3*^"^  from  the  wires,  and  the  effect  on  the  half  wave 
within  this  region  varies  approximately  inversely  as  the  square 
of  the  distance  from  the  wires. 

3.  The  dielectric  constant  of  a  given  paraflSn  increases  with 
the  density  of  the  paraflSn.     It  increases  rapidly  from  a  tem- 

Eerature  20°  above  the  melting  point  to  a  temperature  30° 
elow  the  melting  point.  Among  different  paraflSns  the  dielec- 
tric constant  increases  as  the  melting  point  of  the  paraflSn 
increases. 

4.  The  dielectric  constant  increases  as  the  wave  length 
decreases.  It  is  greater  for  short  light  waves  than  it  is  for 
short  electrical  waves.  Cauchy's  formula  as  a  means  of  obtain- 
ing the  index  of  refraction  for  indefinitely  long  waves  does  not 
meet  the  experimental  facts. 

Jefferson  Physical  Laboratory,  Harvard  University. 

♦Philosophical  Trans.,  pt.  I,  p.  441,  1879. 
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Art.  XL VII.  —  On  Some  New  Mineral  Occurrences  in 
Canada :  by  G.  Chr.  Hoffmann,  of  tlie  Geological  Survey 
of  Canada.     (Communicated  by  permission  of  the  Director.) 

1.     Datolite, 

A  specimen  of  a  mineral  was  recently  submitted  to  the 
writer  for  identification,  which  had  been  met  with  by  Mr. 
Bush  Winning  in  some  abundance  in  the  workings  of  the 
Daisy  mica  mine  on  the  ninth  lot  of  the  first  ran^e  of  the 
township  of  Derry,  Ottawa  County,  in  the  Province  of  Quebec. 
This  mineral  proved,  on  examination  by  Mr.  R.  A.  A.  Johnston, 
to  be  datolite. 

Mr.  R.  L.  Broadbent  has  since  visited  the  mine  in  question 
and  collected  a  tine  series  of  specimens  which  not  only  fully 
illustrate  its  mode  of  occurrence,  but  likewise  its  various 
mineral  associations.  On  transferring  these  specimens  to  me, 
Mr.  Broadbent  drew  my  attention  to  some  small  white,  occa- 
sionally colorless,  octahedral  crystals  which  he  had  observed  on 
some  of  them.  These  crystals,  more  fully  referred  to  further 
on,  were  also  examined  by  Mr.  Johnston,  and  identified  by 
him  as  the  somewhat  rare  mineral,  faujasite,  a  species  not 
previously  recognized  as  occurring  in  Canada. 

The  datolite  occurs  in  the  form  of  hard,  compact,  irregu- 
larly shaped,  at  times  more  or  less  nodular,  masses  some 
of  which  are  of  quite  small  dimensions,  while  others  are  of 
considerable  size — one  having  been  found  which  measures  six 
inches  across  and  weighs  thirteen  pounds.  It  has  also  occa- 
sionally been  met  witii  in  the  form  of  moist,  plastic  masses, 
which  on  exposure  to  the  air  become  crumbly  and  ultimately 
fail  to  pieces,  forming  a  loose  earth.  The  masses  in  question 
occur  imbedded  in  a  matrix  composed  of  an  association  of 
a  light  to  somewhat  dark  greenish-gray,  more  or  less  weath- 
ered, pyroxene,  brown  phlogopite,  light  grayish  to  white 
cleavable  calcite,  grayish-white  translucent  to  colorless  trans- 
parent quartz,  and  bluish-green,  more  rarely  faint  purplish, 
yellowish  and  colorless  fluorite,  with  some  intermingled  pyrite 
and  pvrrhotite,  and  small  quantities  of  barite,  chabazite  and 
faujasite. 

The  mineral  is  greenish-white  to  all  but  white  in  color ;  is 
almost  opaque ;  has  a  dull  luster ;  is  brittle ;  breaks  with  an 
uneven  to  subconchoidal  fracture — the  fractured  surface  resem- 
bling that  of  fine  stone-ware  (Wedgewood-ware).  It  has  a 
hardness  of  5,  and  a  specific  gravity,  at  15*5°  C.,  of  2'985* 
Before  the  blowpipe,  it  fuses,  with  slight  intumescence,  at 
about  2  to  a  clear  glass,  simultaneously  coloring   the  flame 
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yellowish-green.  In  fine  powder,  it  is  eapsily  and  completely 
decoDQ posed  by  hydrochloric  acid,  with  separation  of  gelati- 
nous silica. 

The  mean  of  two  very  closely  concordant  analyses,  con- 
ducted by  Mr.  Johnston,  showed  it  to  have  the  following  com- 
position : 

Silica 36-94 

Boron  trioxide 22*87 

Lime 34*90 

Alumina  •. 0*12 

Ferric  oxide   0*02 

Magnesia 0*06 

Water  (direct  estimation) 6 '68 

.100-08 
2.     Favjaaite, 

This  species,  which  has  been  briefly  alluded  to  in  the  pre- 
ceding note  as  being  one  of  the  mineral  associations  of  the 
datolite,  found  at  the  Daisy  mica  mine,  on  lot  nine  of  the  first 
range  of  the  township  of  Derry,  Ottawa  County,  in  the  Prov- 
ince of  Quebec,  is  there  met  with  in  the  form  of  simple  octa- 
hedral crystals  implanted  upon  the  walls  of  small  cavities  in 
the  quartz  or  intimately  associated  with  the  fluorite  (in  some 
instances  being,  indeed,  included  in  crystals  of  the  latter  min- 
eral), both  of  which  enter  largely  into  the  composition  of  the 
matrix  of  the  datolite.  The  crystals  vary  in  size  from  such  as 
are  of  almost  microscopic  minuteness  to  others  bavins  a  diame- 
ter of  about  two  millimeters.  They  are  mostly  milk-white — 
with,  in  some  instances,  a  faint  greenish  tinge,  in  color,  and 
opaque,  occasionally,  however,  colorless  and  translucent,  and 
have  a  vitreous  luster.  In  the  closed  tube  the  mineral  yields 
much  water.  Before  the  blowpipe,  it  intumesces  and  fuses  to 
a  white  blebby  enamel.  It  is  decomposed  by  hydrochloric  acid 
without  gelatiuization.  An  analysts  of  the  same  has  been 
entered  upon. 
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Art.  XLVIII. — The  Estimation  of  Molyhdic  Acid  reduced  hy 
Hydriodic  Add ;  by  F.  A.  GoocH  and  O.  S.  Pulman,  Jr. 

[CoDtributioDB  from  the  Kent  Chemical  Laboratory  of  Yale  University — CIV.] 

While  the  determination  of  raolybdic  acid  by  estimating  the 
iodine  set  free  upon  boiling  a  solution  of  that  acid  in  hydro- 
chloric acid  to  which  potassium  iodide  has  been  added,  is  a 
possibility,  the  operation  is  beset  with  difficulties.  If  due 
attention  be  paid  to  the  proportion  of  acid,  the  excess  of  potas- 
>  sium  iodide  over  the  amount  theoretically  necessary  to  produce 
the  ideal  reduction,  and  the  final  degree  of  concentration  of  the 
liquid,  the  change  of  the  molyhdic  acid  to  the  condition  of  oxi- 
dation of  the  pentoxide,  Mo,Oj,  may,  as  has  been  shown  in 
former  articles  from  this  laboratory,*  be  closely  realized. 
Even  when  the  conditions  essential  to  the  ideal  reduction 
obtain,  however,  the  possibility  of  the  interaction  of  atmospheric 
oxygen  with  the  hydriodic  acid  produced  from  the  potassium 
iodide  and  hydrochloric  acid  must  be  guarded  against  by  con- 
ducting the  operation  in  an  atmosphere  of  carbon  dioxide. 
Furthermore,  the  hydrochloric  acid  employed  must  be  freed, 
so  far  as  may  be,  from  dissolved  oxygen  by  previous  boiling. 
The  operation  is  capable  of  yielding  accurate  indications  (unless 
by  a  chance  combination  of  opposite  errors)  only  when  the 
precautions  mentioned  are  scrupulously  observed. 

On  the  other  hand,  the  essential  principles  of  the  reaction 
admit  of  very  simple  application  when  the  residue  of  the  dis- 
tillation, instead  ox  the  iodine  distilled,  is  made  the  object  of 
the  analytical  determination.  This  was  the  plan  of  a  method 
formerly  proposed.f  In  this  process  the  mixture  of  molyhdic 
acid,  potassium  iodide  and  hydrochloric  acid  was  boiled 
between  defined  limits  of  volume  in  an  Erlenmeyer  flask 
simply  trapped  to  prevent  mechanical  loss  during  the  boiling, 
and  the  residue,  after  the  removal  of  all  free  iodine,  was 
treated  with  tartaric  acid  to  prevent  subsequent  precipitation, 
neutralized  with  an  alkaline  bicarbonate,  and  reoxidized  by  a 
measured  excess  of  standard  iodine,  this  excess  of  iodine  being 
finally  determined  by  titration  with  a  standard  arsenite.  The 
difference  between  the  iodine  value  of  the  arsenite  used  and 
the  amount  of  standard  iodine  employed  measures  the  molybdic 
acid.  The  action  of  atmospheric  or  dissolved  oxygen  obviously 
plays  no  important  part  in  the  operation  providing  all  uncom- 
oined  iodine,  however  produced,  is  finally  boiled  out.  At  the 
outset  iodine  is  liberated  by  the  air  present  as  well  by  the 
intended  action  of  the  molybdic  acid,  but  as  the  boiling  con- 
tinues the  hydriodic  acid  diminishes  in  strength,  the  iodine  is 
driven  from  the  flask  kept  tilled  with  steam,  and  if  the  condi- 
tions of  the  operation  have  been  properly  adjusted  the  molyb- 

*(}ooch  aud  Fairbanks,  this  Journal,  ii,  156;  Gooch  and  Norton,  this  Journal, 
Ti,  168.  t  Gooch  and  Fairbanks,  this  Journal,  ii,  160. 
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die  acid  undergoes  the  ideal  reduction.  When  this  point  is 
reached  dilution  with  cold  water  obviates  danger  of  immediate 
oxidation  and  gives  opportunity  for  continuing  the  treatment 
referred  to  above.  The  method  yields  accurate  results,  but  is 
tedious  on  account  of  the  delay  of  an  hour  and  a  half  to  two 
hours  before  the  excess  of  the  iodine  introduced  to  reoxidize 
the  molybdic  acid  can  be  safely  titrated  bv  the  arsenite.  Tak- 
ing the  matter  up  again  at  this  point,  we  hnd  that  it  is  perfectly 
feasible  to  obviate  the  difficulty  in  question  and  to  secure 
immediate  reoxidation  of  the  molybdic  acid  by  substituting 
potassium  permanganate  for  iodine  as  the  oxidizer. 

When  an  excess  of  potassium  permanganate  is  added  to  a 
solution  containing  hydrochloric  and  hydriodic  acids  with 
molydenum  in  a  condition  of  oxidation  corresponding  to  the 
pentoxide,  several  diflferent  eflfects  of  oxidation  may  be  expected. 
There  is  the  immediate  liberation  of  iodine  from  the  hydriodic 
acid,  the  production  of  iodic  acid,  some  slight  tendency  to  lib- 
erate chlorine  from  the  hydrochloric  acid,  the  formation  of 
representatives  of  the  higher  oxides  of  manganese,  and,  lastly 
the  reproduction  of  the  molybdic  acid,  which  is  the  object  of  the 
operation.  All  other  eflfects  than  the  last  must  be  prevented 
or  recorded  in  order  that  the  estimation  of  the  molybdic  acid 
may  be  accomplished.  Of  the  secondary  actions,  the  liberation 
of  chlorine  may  be  prevented  by  adding  a  manganous  salt, 
according  to  the  well-known  proposals  of  Kessler*  and  Zimmer- 
man,t  the  iodine  set  free  may  be  converted  to  hydriodic  acid 
again  by  the  introduction  into  the  acid  solution  of  a  sufficient 
excess  of  a  standard  arsenite  solution  ;  the  iodic  acid  may  be 
reduced  in  the  acid  solution  in  the  same  manner,  as  we  have 
found  by  experiment,  the  value  obtained  for  a  solution  of  iodic 
acid  by  adding  to  it  in  presence  of  sulphuric  acid  a  measured 
amount  of  standard  arsenite,  making  alkaline,  and  titrating 
back  with  iodine,  being  the  same  as  that  found  by  acting 
directly  upon  the  iodic  acid  with  an  excess  of  potassium  iodide 
in  presence  of  dilute  sulphuric  acid  and  determining  by  stand- 
ard arsenite  the  iodine  liberated;  and  the  higher  oxides  of 
manganese  are  likewise  reduced  in  the  acid  solution  by  the 
arsenious  acid  of  the  standard  arsenite. 

Whatever  excoss  of  arsenious  acid  is   left   over  after  the 
reactions  described  may,  obviously,  be  determined  by  neutral- 
izing the  solution  with  an  alkaline  bicarbonate  and  titrating, 
with  iodine. 

Every  difficulty  introduced  by  the  secondary  oxidations 
should,  it  might  be  supposed,  be  overcome  by  adopting  the 
following  procedure  :  the  addition  of  manganous  sulphate  to 
the  reduced,  diluted,  and  cooled  solution  ;  the  introduction 
of  measured  standard  potassium  permanganate  until  its  char- 

*  Ann.  Phys.,  cxviii,  48 ;  cxix,  225-226.  \  Ann.  Chem.  (Liebig),  ccxiii,  SOJ. 
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acteristic  color  is  evident ;  the  treatment  of  the  solution  with  a 
measured  amount  of  standard  arsenite  in  known  excess ;  the 
neutralization  of  free  acid  by  potassium  bicarbonate,  first 
taking  pains  to  introduce,  after  the  destruction  of  the  per- 
manganate by  the  arsenite,  tartaric  acid  to  prevent  precipita- 
tion of  the  molbydenura  compound ;  and  the  titration  of  the 
excess  of  arsenite  by  iodine. 

The  operation  requires  the  use  of  a  standard  solution  of 
arsenite,  easily  made  with  accuracy,  a  solution  of  iodine  in 
potassium  iodide  standardized  directly  against  the  arsenite  in 
the  usual  manner,  and  a  solution  of  potassium  permanganate 
the   value   of    which   in    terras   of  the   arsenite   is  found  by 


bleaching  a  measured  portion  of  it  with  an  excess  of  arsenite 
and  titrating  back  with  iodine  the  arsenite  remaining.  The 
preparation  and  adjustment  of  the  standard  solotions  is  there- 
fore simple.  The  theory  of  the  operation  is  plain,  the  value 
(in  terms  of  molybdic  acid)  of  the  permanganate  used,  dimin- 
ished by  that  of  the  arsenite  and  increased  by  that  of  the 
iodine,  giving  the  amount  of  molybdic  acid  present. 

In  carrying  out  our  tests  of  the  method  proposed  we  used 
a  preparation  of  ammonium  molybdate  made  by  recrystalizing 
the  presumably  pure  salt.  The  constitution  of  this  salt  was 
determined  by  careful  ignition,  both  by  itself  and  with  sodium 
tungstate  free  from  carbonate.     It  held  8 1*83  per  cent,  of  MoO,. 

From  0*3  grm.  to  0'5  grm.  of  the  molybdate,  at  least  20*^™* 
of  hydrochloric  acid  of  sp.  gr.  1-20,  with  from  0*2  grm.  to 
0*6  grm.  of  potassium  iodide,  according  to  the  amount  of 
molybdate  used,  were  put  into  a  150^'""  flask,  trapped  loosely 
by  means  of  a  short  bulbed  tube  hung  in  the  neck,  as  shown  in 
figure  1.  The  sohition  was  boiled  until  the  original  volume  of 
40  to  60"°*  had  been  reduced  to  exactly  25*^™'  as  determined 
by  a  mark  upon  the  flask,  the  base  of  which  was  of  a  size 
permitting  close  reading  of  the  volume  of  the  liquid.  The 
residue  was  diluted  immediately  to  a  volume  of  125*^"*'  and 
thus  cooled,  transferred  to  a  Drexel  wash-bottle,  shown  in 
figure  i5,  fitted  with  a  ground  glass  stopper  carrying  the  usual 
imet  and  outlet  tubes.     To  the  inlet  tube  had  been  sealed  a 
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separating-fuDnel  to  serve  for  the  gradual  introduction  of 
reagents,  and  to  the  outlet  tube  a  Will  and  Varrentrapp  bulbed 
tube  charged  with  a  solution  of  potassium  iodide  to  catch  any 
traces  of  iodine  thrown  oflf  mechanically  during  the  process  of 
neutralization  to  follow.  Through  the  separating  funnel  were 
then   added  0*5    grm.  of    manganese  sulphate,   and  from    a 


n 


burette  an  approximately  ~  solution  of  potassium  perman- 
ganate of  known  value  until  the  characteristic  color  was  given 
to  the  solution,  the  amount  of  permanganate  thus  added 
being  noted.  Then,  from  a  burette,  was  added  enough  of  a 
standard  arsenite  solution  to  correspond  approximately  to  the 
value  of  the  permanganate  used  ;  experience  having  shown 
that  this  amount  of  arsenite  is  sufficient  to  reduce  with  readi- 
ness in  the  acid  solution  the  iodic  acid,  the  permanganate, 
the  higher  oxides  of  manganese,  and  nearly  all  the  free  iodine, 
the  remainder  of  the  last  being  taken  up  immediately  after 
the  subsequent  neutralization.  The  amount  of  this  solution 
was  noted.  Next  a  solution  of  about-3  grm.  of  tartaric  acid 
was  run  in,  and  the  free  acid  of  the  solution  was  neutralized  by 
acid  potassium  carbonate.  This  accomplished,  the  liquid  ad- 
hering to  stopper  and  tubes  was  washed  oflf  into  the  bottle,  the 
contents  of  the  trap  added,  and  the  residual  arsenite  was 
titrated  by  standard  iodine,  using  the  starch  indicator. 

The  results  of  experiments  are  given  in  the  following  table : 


Weight  of 

Weight  of 

Weight  of 

ioOs  taken 

KI  used 

MoO, 

ammoDium 

found. 

Error. 

grm. 

grm. 

grm. 

grm. 

0-0423 

0-2 

00430 

0-0007 -♦- 

0-0429 

0-2 

0-0436 

0•0006+ 

0-0420 

0-2 

0-0427 

0-0007  + 

0-0827 

0-3 

0-0829 

0-0002  + 

0-0837 

0-35 

0-0838 

0-0001  -f- 

0-0826 

0-6 

0-0832 

0-0006  + 

0-2465 

•      0-6 

0-2460 

0-0005 — 

0-2481 

0-6 

0-2469 

0.00l2— 

0-2470 

0-6 

0-2466 

0-0006  — 

It  is  plain  that  molybdic  acid  may  be  determined  with  acca- 
racy  by  reduction  under  the  prescribed  conditions  with  potas- 
sium iodide  and  hydrochloric  acid,  treatment  of  the  residue 
with  manganous  sulphate,  standard  potassium  permanganate, 
standard  arsenic,  and,  after  addition  of  tartaric  acid  and 
neutralization,  titration  with  iodine.  When  many  determina- 
tions are  to  be  made  the  process  will  yield  results  with  rapid- 
ity, because  as  many  operations  can  be  started  successively  in 
the  Erlenmeyer  flasks  as  an  operator  can  handle  with  con- 
Fenience,  a  simple  neutralization  bottle  serving  for  the  treat- 
ment of  all  the  reduced  TeBvdwe^  %&  ^i\\^l  ^^\x\^^^w^. 
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Art.  XLIX. — The  Veramin  Meteorite;  by  Henry  A.  Ward. 

This  most  interesting  Oriental  meteorite,  which  fell  in 
northern  Persia  in  1880,  was  first  made  known  in  Europe  by 
Fred.  Dietsch,  a  German  mining  engineer,  who  gave  a  short 
account  of  it  on  page  100  of  vol.  xl  of  the  Berg  and  Hiitten- 
mannische  Zeitung,  March  18,  1881.  His  notice  was  based 
upon  information  given  him  personally  by  the  Shah,  who 
handed  him,  in  confirmation  of  his  words,  a  fragment  of  the 
stone  weighing  400  grams.  Subsequently  Baron  Emil  Godel- 
Lannoy,  secretary  of  the  Austrian  legation  of  Teheran, 
brought  two  small  pieces  of  the  stone  to  Vienna.  One  piece, 
weighing  28  grams,  he  presented  to  Baron  von  Braun ;  the 
other,  weighing  28  grams,  he  gave  to  his  friend  Dr.  Aristid 
Brezina,  wno  incorporated  it  in  the  great  meteorite  and  min- 
eral collection  of  the  Royal  Museum,  of  which  collection  he 
was  then  the  director.  Brezina  described  this  in  a.  paper 
before  the  K.  AkademiederWissenschaften  in  July,  1881,  giv- 
ing in  few  words  the  mineral  composition  of  the  fragment 
with  its  petrographical  characters ;  but  the  material  was  too 
scanty  for  a  full  analysis,  and  nothing  was  known  about  the 
main  mass  beyond  the  fact  inexactly  reported,  that  its  weight 
was  45  kilograms,  and  that  it  was  preserved  in  the  palace  of 
the  Shah.  So  matters  remained  with  Veramin — thus  the 
stone  had  been  called — until  the  autumn  of  1898.  At  that 
time  I  was  in  Stockholm,  where  I  saw  a  small  fragment  of 
the  stone  in  the  hands  of  Baron  Nordenskiold,  who  informed 
me  that  it  had  been  brought  to  him  from  Teheran  by  a 
returned  Swedish  servant  (barber)  of  the  Shah.  As  I  had 
long  projected  a  visit  to  Persia,  and  as  Veramin  had  come  to 
have  strong  attractions  for  me,  I  decided  that  I  would  at  once 
undertake  the  long  trip.  A  week  later,  at  St.  Petersburg,  I 
obtained  through  the  good  ofiices  of  our  legation  an  introduc- 
tion to  the  Persian  ambassador  in  that  capital.  That  gentle- 
man. Gen.  Mirzah  Riza  Khan,  interested  himself  in  my 
intentions,  and  gave  me  several  letters  to  officers  of  the  Shah's 
court,  among  them  one  to  Muskah-esSultanneh,  the  Grand 
Vizier.  After  first  crossing  Russia  and  the  Caucasus  range  to 
Tiflis  in  the  Transcaucasus,  and  eastward  to  Baku  on  the 
Caspian,  I  took  steamer  down  that  sea  to  Enzeli,  the  port  of 
northern  Persia ;  thence  eight  days  of  horseback  and  two  of 
carriage  brought  me  to  Teheran. 

After  a  few  days  in  this  city  I  obtained  audience  with  the 
Grand  Vizier  at  his  private  palace.  He  spoke  and  understood 
French,  so  I  told  him  in  simple,  unvarnished  words  the  object 
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of  my  visit  to  his  country.  I  had  heard  in  far-distant  America 
of  a  famous  stone  which  had  fallen  from  heaven  many  years 
ago,  and  was  now  in  the  palace  of  the  Shah.  That  I  wished 
to  see  it,  to  examine,  weigh  and  photograph  it ;  and  also,  if 
possible,  to  obtain  a  piece  of  it  for  my  collection  of  these 
wonderful  objects.  His  excellency  informed  me  that  it  would 
be  possible  to  bring  about  most  of  my  requests  as  stated,  but 
that  he  doubted  very  much  my  being  able  to  obtain  a  frag- 
ment, even  ever  so  small,  of  the  precious  and  somewhat  cele- 
brated stone.  He  would,  however,  at  an  early  day  be  called 
to  see  his  Majesty  the  Shah,  and  he  would  then  bring  up  the 
subject,  and  ascertain  what  might  be  done.  In  fact,  after  a 
few  days'  delay  I  received  a  letter  from  the  Grand  Vizier, 
enclosing  word  from  the  Shah  inviting  him  to  call  on  the  fol- 
lowing day  with  me  and  with  the  American  Ambassador, 
Mr.  Arthur  Hardy,  who  had  interested  himself  actively  on  my 
behalf.  We  went  promptly  the  next  day.  We  were  joined  at 
the  grand  outer  stairway  by  the  Guardian  of  the  Palace  and 
one  or  two  court  attendants,  and  with  them  we  proceeded  at 
once  to  the  hall  of  the  Peacock  Throne,  where  the  audience 
was  to  be  given.  At  the  further  end  of  the  hall,  and  imme- 
diately in  front  of  the  throne  stood  his  Imperial  Majesty,  the 
Shah,  MozuflFer-el-Din  (Victorious  of  the  Faith),  wliom  it  is 
proper  on  such  occasions  to  address  as ''King  of  Kings"  or 
"  Asylum  of  the  Universe." 

1  must  not  dwell  upon  this  interview,  interesting  as  it  was 
in  many  ways. 

The  conversation  turned  chiefly  upon  meteorites.  His 
Majesty  was  curious  to  know  more  or  less  about  their  place  of 
origin,  the  places  in  which  they  had  fallen,  their  general  com- 
position, and  particularly  if  any  of  them  contained  silver  or 
f^old.  One  point  in  my  conversation  with  the  Shah  partica- 
arly  interested  me:  This  was  when,  turning  to  the  Guardian 
of  the  Palace,  who  stood  at  his  right,  he  made  some  remark 
illustrated  by  the  fingers  of  one  hand  crossing  the  other,  at 
which  the  Grand  Vizier,  interpreting  to  me,  said:  "His 
Majesty  says  that  you  may  have  a  piece  of  the  meteorite.'^ 
This  declaration  having  been  made,  and  I  having  duly  given 
my  thanks,  the  audience  ended. 

On  our  way  down  the  long  hall  we  had  our  first  view  of  the 
famous  meteorite,  which  was  on  a  low  stand  under  a  window. 
^"^  its  side  was  a  large  cardboard  label  which  gave  in  beautiful 
Persian  characters  tlie  short  and  only  preserved  account  of  the 
fall.  I  here  give  the  translation,  which  was  kindly  made  for 
me  by  our  American  Consul,  Mr.  Edward  Tyler. 
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Translation. 

On  the  8th  of  Jamadi-ul-aval  A.  H.  1298,*  at  a  place  called 
Boogin,  the  winter  quarters  of  the  tribe  of  Bagadi  Shahsevan, 
about  three  hours  before  sunset,  there  appeared  in  a  clear  sky, 
between  Boogin  and  Eshtahard,  a  small  cloud,  followed  imme- 
diately by  an  appalling  noise.  The  people  were  greatly  moved, 
and  rushed  to  their  tent  doors.  While  standing  there  in 
expectation,  they  beard  nine  more  terrific  explosions,  like  to 
the  reports  of  a  cannon.  Following  upon  these,  something 
resembling  smoke  proceeded  from  the  cloud,  clearly  visible  to 
all  the  people,  descended  to  the  earth  and  buried  itself  about 
seven  feet  in  the  ground.  A  shepherd  near  the  place  noticed 
the  exact  spot,  and  with  fear  and  trembling  pointed  it  out  to 
the  people.  Some  of  them  went  and  turned  up  the  ground 
and  took  out  the  stone.  Hadayat  ullah  khan,  E!.ajar,  the  son 
of  the  late  Ecsa  Khan  Beglerbegee,  Governor  of  the  tribe, 
took  possession  of  the  stone,  and  reported  the  occurrence  to 
Teheran  and  sent  the  stone  there. 

It  will  be  seen  that  this  label  gives  the  locality  of  the  fall  of 
the  meteorite  as  Boogin.  But  as  no  map  which  I  have  con- 
sulted shows  any  of  these  places,  here  mentioned,  and  as  the 
Palace  people  called  it  Yeramin,  the  same  name  by  which 
Dietsch  noted  the  stone  a  few  months  after  it  fell,  it  seems 
proper  that  his  name  should  be  retained.  Yeramin  is  a  small 
plain  in  the  District  of  Karand  some  fifteen  miles  eastward  of 
Teheran. 

As  we  descended  the  staircase,  the  Guardian  of  the  Palace 
informed  me  that  his  Majesty  would  soon  go  to  the  mountains 
for  a  week's  hunting,  and  that  then  would  be  a  proper  time 
for  me  to  come  to  the  Palace  to  carry  out  my  worK.  Accord- 
ingly, after  two  days  I  returned  with  a  German  photographer, 
whose  services  I  had  engaged,  and  a  Persian  servant  bearing  a 
huge  pair  of  scales,  which  1  had  borrowed  at  the  hotel.  We 
put  the  meteorite  on  the  scales  and  found  that  its  weight  was 
just  113^  pounds  (about  51|  kilograms).  The  stone  was 
shaped  like  an  oblong  loaf,  about  16  inches  in  greatest  length, 
12  inches  wide,  and  with  a  varying  thickness  of  7  to  8  inches. 
The  weight  of  the  mass  seemed  qnite  inconsistent  with  the 
fact  that  it  seemed  exteriorly  to  be  largely  stone.  Its  corners 
were  much  rounded,  and  its  surfaces  covered  with  character- 
istic deep  pittings.  1*110  largest  of  these  pittings  was  one  inch 
across  and  half  an  inch  deep ;  most  of  the  others  about  one- 
half  these  dimensions.     About  three-fourths  of  the  surface  was 

*  Although  I  have  sought  amoni;  members  of  the  Persian  Legation  in  several 
European  capitals,  1  have  been  quite  unable  to  ascertain  the  exact  equivalent  in 
our  (Christian)  Calendar  of  the  Persian  date  given  above.  AU  seem  to  agree  on 
the  month  of  May,  1880,  but  hesitate  to  fix  the  day.^E.  A.  W. 
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thus  covered ;  while  interspersed  were  patches  with  the  peca- 
linr  tinj  vaceolar  "goose  skin"  deprcBsions  often  seen  od  the 
outer  rind  of  iron  meteorites,  where  tliey  seem  to  he  a  plie- 
nomenon  of  the  cooling  of  the  cruat.  The  lower  side  of  the 
mass  is  more  irregular  and  rough,  with  apparently  little  crust, 
hut  it  has  a  thin  coat  of  mnd  atill  adhering  to  it,  acquired 
doubtless  while  it  lay  for  several  days  by  a  tank  in  tho  Palace 
yard.     A  fine,  thread-tike  black  line,  faintly  distingnishable, 


About  1  n 


passes  obliquely  across  the  face,  and  is  clearly  a  line  of  flow- 
ing. This  IS  12^  inches  long,  and  it,  with  several  shorter  lines 
of  coinciding  direction,  shows  clearly  the  direction  of  the 
stone  in  its  passage  through  the  air.  Certain  small  areas  of 
the  mass  are  veneered  by  a  flake  of  thin  iron.  Some  of  these 
appear  to  enter  the  mass  as  thin  plates.  The  crust  or  rind 
of  the  meteorite  is  of  a  dull  gmyiah  brown  color,  and  is  exces- 
sively thin,  a  mere  vnrnisli,  Tlirongh  this  rind  project  count- 
less little  points  of  metallic  iron,  making  little  burrs  or  sharp 
protuberances  on  the  surface,  which  have  often  been  flattened 
or  blunted.  Tlie  surface  shows  also  a  few  little  buttons,  barely 
2"""  across,  of  black,  shining  iron  oxide;  with  one  or  more 
nodules,  from  5  to  10"""  in  diameter,  of  crystalline  honey-yellow 
olivine.    The  ends  of  the  stone  have  been  much  abraded  by 
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blows  given  in  an  effort  to  break  off  fragmente.  The  general 
appearance  of  these  broken  parte  is  a  dnll,  coarse-grained  base 
or  cement,  with  some  larger,  crjstallized,  angnlar  grains 
imbedded.  These  broken  surfaces  are  very  roogh  and  prickly 
to  the  touch,  and  the  glass  showed  sharp  points  and  granules 
of  white  iron  intimatel;  sprinkled  in  with  a  filling  of  oily 
green,  glassy  olivine.  M.  Thoiazan  in  1884*  deecribud  the 
inner  constituents  of  the  stone,  giving  them  as  "  bronzite  "  ; 
a  green,  infusible  and  almost  insoluble  silicate,  probably  peck- 


Seciiou  of  Verarain.    ( 


haniite;  and  granules  of  nickel  iron  ; — all  cemented  by  a  fine 
network  of  nickel  iron.  Merrill,  after  examining  a  small  frag- 
ment sent  by  mc  to  him  at  Washington,  writes  me:  "I  make 
out  the  presence  of  enstatite,  olivine ;  a  colorless  {in  the  sec- 
tion) mineral  giving  an  inclined  extinction  as  high  as  29° 
which  may  be  pcckltamite  :  and  in  addition  granules  of  clear, 
colorless  feldspars,  showing  distinctly  twin  striie,  and  giving 
an  extinction-angle  of  30°.  This  indicates  a  basic  member  of  the 
albite-anorthite  series,  periiapsbytownite  or  it  may  be  anorthite." 
The  polistied  section  of  the  mass,  as  seen  in  the  enclosed 
cut,  has  a  very  close  resemblance  to  the  Mitiey  meteorite  from 
Taney  Co.,  Miesonri.  There  is  the  same  compact  base  of  the 
fine-grained  elements,  botli  stony  and  metallic,  with  segregated 

Eatclies  of  each  of  tliem  in  which  the  matrix  is  at  once  more 
omogeneous  and  of  coarser  structure.     Besides  the  myriad 
*  ComptcB  Reudiis,  Paris  Acad  ,  vol.  icviii,  p,  1465. 
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granular  particles  of  bright  nickel  iron,  there  are  occasional 
nodules  of  the  same  element  of  larger  size.  One  of  these 
which  1  separated  from  the  mass  is  a  perfect  sphere,  8"™  in 
diameter,  which  lay  almost  fi*ee  from  attachment  except  that 
upon  one  side  it  is  incrusted  by  a  portion  of  the  firm  base 
mass.  A  section  of  this  shows  it  to  be  a  solid  metal,  which, 
when  a  polished  surface  is  etched,  gives  clearly  sharp  Wid- 
mannstaten  figures  of  a  clear  pattern.  Meunier  classes  Vera- 
min  as  a  member  of  his  type  of  Logronite,  including  with  it  Barea, 
Sierra  de  Chaco,  Janecera,  Estherville,  Miney  and  Hainholz.  Of 
these  seven,  but  two,  Estherville  and  Veramin,  have  any  crast. 

Of  about  twenty-five  siderolites  now  known  to  science,  only 
four  of  them  have  been  seen  to  fail.  Veramin  has  an  addi- 
tional interest  as  being  one  of  these  four.  The  other  three 
are  Barea  (Spain)  1842,  Lodran  (India)  1868,  and  Estherville 
(Iowa)  1879.  It  may  not  be  irrelevant  here  to  call  attention 
to  the  interesting  fact  that  the  siderolites,  with  their  special 
composition  and  structure,  have  been  as  widely  distributed 
both  in  time  of  fall  and  in  geographical  dispersion  on  our 
globe  as  have  either  of  the  other  two — alike  artificial — groups 
of  meteorites  :  the  siderites  and  the  aerolites.  This  seems  to 
attest  to  each  group  representing  a  class  of  rocks,  or  mineral 
aggregations,  existing  abundantly  in  some  of  the  asteroids  or 
fragmentary  bodies  circling  in  the  celestial  spaces. 

In  closing,  1  return  to  the  narrative  portion  of  my  paper 
to  notice  the  extreme  difficulty  which  I  had  in  breaking  the 
Veramin,  due  to  the  very  intimate  mingling  of  its  stony  and 
its  metallic  parts.  Had  the  mass  been  a  siderite,  I  might  have 
cut  it  with  my  steel  saw,  or  had  it  been  an  aerolite  I  might 
have  broken  off  a  piece  with  a  hammer ;  but  the  intimate 
mingling  of  its  stony  and  its  metallic  parts  made  a  compound 
so  tough  that  separation  seemed  quite  impossible.  After  work- 
ing over  the  mass,  which  I  had  taken  to  the  Palace  yard,  for 
several  hours,  and  assisted  by  a  native  smith  with  a  large,  long- 
handled  hammer,  we  had  failed  to  detach  more  than  a  few 
ounces  of  the  precious  material.  It  then  occurred  to  us  that 
we  should  take  the  meteorite  to  the  arsenal  and  there  under- 
take to  cut  it  by  machinery.  The  fortunate  presence  there  of 
an  old  steam  planing  machine  was  in  our  favor.  Steam  power, 
however,  there  was  none.  In  its  absence  we  harnessed  ten  or 
twelve  men  by  ropes  at  either  end  of  the  planer.  Yet  so  hard 
and  refractory  was  the  mass  that  the  work  of  cutting  off  a 
piece  barely  six  inches  in  greatest  diameter  required  two  nights 
and  one  day.  Then  I  took  my  piece  and  nastened  back  to 
Europe.  This  fine  mass  of  this  very  rarest  of  siderolites  forms 
one  of  the  choice  specimens  in  the  Ward-Coonley  collection  of 
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meteorites  now  on  display  (on  deposit)  in  the  Geological  Hall 
of  the  American  Museum  of  Natural  History  in  New  York. 

As  to  the  composition  of  Yeramin  I  give  here  the  results  of 
a  careful  analysis  made  for  me  by  Prof.  J.  £dward  Whitfield 
of  Philadelphia. 

The  specific  gravity  of  the  stone  as  received  was  4'57. 

On  separation  the  stone  was  found  to  be  made  up  of  42'8  per 
cent  mineral  and  57*7  per  cent  metal,  although  the  portion 
separated  as  mineral  contains  some  iron  oxide,  which  originally 
must  have  been  metal.  Of  the  metallic  portion  the  specific 
gravity  is  5*56,  rather  a  low  figure  for  metal  of  this  composi- 
tion. 

It  was  extremely  diflScult  to  entirely  separate  the  mineral 
matter  from  the  metal;  although  the  small  particles  were  ham- 
mered until  about  the  thickness  of  tissue  paper,  there  was  an 
amount  of  insoluble  remaining  with  it  amounting  to  9*28  per 
cent,  this  of  course  including  any  silicon  of  the  metal  as  silica. 

The  analysis  of  the  metallic  portion,  excluding  all  the  insol- 
uble as  mineral  matter,  is  as  follows : 

Iron 92-06  per  cent 

Nickel 6-96         " 

Cobalt O'lS         " 

Phosphorus 0*10         " 

Sulphur 0-15         " 

It  was  impossible  to  obtain  even  a  trace  of  carbon  with 
the  small  amount  of  material  at  hand,  and  whether  or  not  the 
metal  contains  silicon,  I  cannot  say  on  account  of  the  diffi- 
culty of  obtaining  the  metal  free  from  mineral  matter.  The 
analysis  was  made  on  an  amount  approximating  four  grams^ 
any  other  determinations  being  impossible  for  want  of  material. 

J.  E.  w. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Double  Compounds  of  Antimony  Pentachloridey  etc, — 
Rosenheim  and  Stkllmann  have  obtained  a  pyridine-antimonic 
double  chloride  having  the  formula  .SC^H^NHCl'SbCl,,  and  also 
analogous  qninoline  and  dimethylaniline  double  salts.  These 
compounds  are  interesting,  inasmuch  as  very  few  double  halides 
of  quinquivalent  elements  are  known.  These  chemists  have  pre- 
pared also  a  pyridine-antimonic  double  bromide,  2C,H,NHBrSb 
Br,,  which  shows  for  the  first  time  the  existence  of  antimony 
pentabromide,  and  they  believe  that  they  have  isolated  the 
uncombined  pentabromide.  They  have  succeeded  in  preparing 
also  a  remarkable  series  of  compounds  of  antimonic  chloride  with 
organic  compounds  containing  oxygen.  Such  compounds  with 
alcohols  and  ether  were  described  by  Williams  many  years  ago, 
but  the  present  list  shows  that  antimonic  chloride  is  capable  of 
combining  with  many  classes  of  compounds..  It  forms  with 
acetaldehyde  SbCl,-C'H,CHO ;  with  benzaldehyde  SbCl.-C.H, 
CHO  ;  with  acetone  SbCl/(CH,),CO ;  with  ethyl  benzoate  5SbCl,- 
C,H^COOC,H, ;  with  benzoyl  chloride  2SbCl,-3C„H,COCl ;  with 
acetamide  2SbCl,-.3CII,CONH,  ;  with  phthallic  anhydride  2SbCl,- 
3C.H^C,0. ;  with  succinic  acid  2SbGl,C,H,(C00H),.— ^ericA^e, 
xxxiv,  3377.  H.  u  w. 

2.  T/ie  Thermochemistry  of  Alloys. — In  order  to  determine  the 
heat  of  combination  of  a  series  of  copper-zinc  alloys,  T.  J. 
Baker  has  dissolved  the  finely-divided  alloys  in  a  calorimeter  by 
means  of  solutions  of  ferric  chloride  and  of  cupric  chloride. 
Both  of  these  solutions  contained  ammonium  chloride ;  they  dis- 
solved the  metals  rapidly  without  evolution  of  gas,  and  the  two 
solutions  gave  closely  agreeing  results.  The  amounts  of  heat 
produced  by  dissolving  the  alloys  were  then  compared  with 
results  obtained  by  dissolving  mixtures  of  the  uncombined,  pow- 
dered metals,  and  in  every  case  the  alloy  gave  a  smaller  amount 
of  heat,  the  deficiency  expressing  the  heat  of  combination  of  the 
two  metals.  It  was  found  that  the  heat  of  solution  of  1  gram  of 
pure  copper  was  179  cal.,  while  the  corresponding  value  for  zinc 
was  927  cal.  When  mixtures  of  the  two  metals  were  taken,  results 
were  obtained  which  corresponded  to  those  calculated  from  the 
above  values.  In  the  alloys  the  greatest  heat  of  combination, 
amounting  to  52*5  cal.  per  gram,  was  found  to  occur  where  32 
per  cent  of  copper  was  present.  This  corresponds  to  the  formula 
CuZn,  and  indicates  the  existence  of  a  compound  of  this  com- 
position.— Zeitschr,  physikal.  Chem,,  xxxviii,  630.  h.  l.  w. 

3.  Acid  Nitrates, — More  than  twenty  years  ago  an  acid  potas- 
sium nitrate  and  two  acid  ammonium  nitrates  were  described  by 
Ditte.  These  salts  attracted  little  attention,  probably  because 
they  were  formed  at  low  temperatures  and  were  very  unstable, 
and  the  opinion  seems  to  have  prevailed  up  to  the  present  time 
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that  nitric  acid,  being  monobasic,  is  incapable  of  forming  acid 
salts.  Wells  and  Metzgeb  have  recently  found  that  rubidium 
and  caesium  each  form  two  acid  nitrates  which  are  comparatively 
stable,  and  they  have  also  prepared  an  acid  thallous  nitrate. 
Ditte  had  made  the  thallous  salt  and  one  of  the  rubidium  salts, 
but  he  did  not  use  the  proper  method  for  obtaining  them  in  a 
pure  condition,  and  consequently  did  not  ascertain  their  true 
compositions.  The  recent  additions  and  revisions  give  the  fol- 
lowing list  of  acid  nitrates  : 

KN0.-2nN0. 
Nn,N0/2HN0.  NHNO.HNO, 

RbN0,-2HN().  RbNO-HNO. 

C8NO,-2HNO.  CsNO.HNO. 

T1NO.-2HNO, 

The  csesium  and  rubidium  salts  form  large  colorless  crystals 
which,  although  somewhat  unstable,  may  be  readily  handled  at 
ordinary  temperatures  ;  in  fact,  CsNO/HNO,  is  so  stable  that 
it  shows  a  sharp  melting-point  at  100°.  The  potassium,  ammo* 
nium  and  thallium  acid  nitrates  have  low  melting-points,  varying 
from  —3  to  18°,  so  that  they  require  low  temperatures  for  their 
formation.  The  diacid  salts  are  produced  by  dissolving  the 
normal  nitrates  in  nitric  acid  of  1*50  sp.  gr.  and  cooling  to  crys- 
tallization, while  the  monacid  salts  are  similarly  prepared  from 
acid  of  1'42  sp.  gr. — Amer,  Chem.  Jour.^  xxvi,  271.       h.  l.  w. 

4.  Methods  of  Standardizing  Acid  Solutions.  —  Cyril  G. 
Hopkins  has  compared  six  different  methods  of  standardizing 
volumetric  acid  solutions.  He  finds  that  the  determination  of 
chlorine  in  hydrochloric  acid  by  weighing  silver  chloride  in  a 
Gooch  crucible  gives  more  closely  agreeing  results  than  the  other 
methods  that  he  has  tried,  while  neutralizing  sulphuric  acid  with 
ammonia,  evaporizing  to  dryness,  heating  the  residual  ammonium 
sulphate  to  120°,  and  weighing  it  (Wenig's  method)  also  gives 
very  satisfactory  agreements.  The  method  of  Hart  and  Croas- 
dale,  which  consists  in  eleetrolyzing.  copper  sulphate,  weighing 
the  precipitated  copper,  and  using  the  liberated  sulphuric  acid  as 
the  basis,  gave  rather  poorly  agreeing  results.  Hartly's  method 
of  standardizing  with  metallic  sodium  was  found  to  be  unreliable, 
apparently  on  account  of  impurities  in  the  sodium.  Rimbach's 
method,  by  use  of  crystallized  borax  with  methyl-orange  as  an 
indicator,  was  found  to  be  unsatisfactory,  because  the  borax 
gradually  lost  water  of  crystallization  in  the  air.  This  is  con- 
trary to  Rirabach's  experience,  and  is  probably  due  to  a  differ- 
ence in  atmospheric  conditions.  The  method  of  standardizing 
oxalic  acid  by  means  of  potassium  permanganate  solution,  the 
latter  being  compared  with  metallic  iron,  is  stated  to  give  fairly 
good  results.  It  would  be  interesting  if  the  author  had  included 
several  other  methods  in  his  comparison  ;  for  instance,  Grogger's 
method,  which  is  based  on  the  liberation  of  iodine  by  the  action 
of  an  acid  upon  potassium  iodate  and  iodide,  and  also  the  very 
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widely  used  sodiam  carbonate  method. — Jour,  Amer,  Chem,  Soc, 
xxxiii,  727.  H.  L.  w. 

5.  New  Element  Associated  with  Thorium. — By  treating  an 
ordinary  thorium  chloride  solution  with  sulphurous  acid  and  boil- 
ing, Charles  Baskervillb  has  found  that  a  precipitate  is  pro- 
duced which  gives  an  oxide  of  lower  specific  gravity  than  a  part 
of  the  earth  not  precipitated  by  this  means.  By  other  processes 
of  fractionation  he  has  obtained  similar  results,  and  he  believes 
that  the  heavier  oxide  contains  a  new  element  for  which  he  pro- 
poses the  name  Carolinium  with  the  symbol  On.  It  is  to  be 
noped  that  at  last  a  well-characterized  new  element  is  to  be 
described  in  this  country,  but  we  must  wait  for  further  details 
before  deciding  whether  this  is  a  new  element  or  a  mixture  of  old 
ones. — Jour.  Amer.  Chem.  Soc.^  xxiii,  761.  h.  l.  w. 

6.  A  Laboratory  Guide  to  the  Study  of  Qualitative  AnaiysiSy 
by  E.  II.  S.  Bailey  and  Hamilton  P.  Cady.  8vo,  pp.  234. 
Philadelphia,  1901  (P.  Blakiston's  Son  &  Co.). — The  importance 
of  teaching  the  ionic  theory  to  some  extent  in  connection  with 
the  facts  observed  in  the  study  of  qualitative  analysis  is 
now  widely  recognized.  The  book  under  consideration  begins 
by  giving  in  an  introduction  an  elaborate  explanation  of  elec- 
trolytic dissociation  and  the  mass  law.  If  a  student  could 
understand  this  introduction,  he  would  be  far  beyond  the  need  of 
a  course  in  qualitative  analysis;  for  here  are  introduced  the  equi- 
librium of  "phases"  and  many  quantitative  conceptions,  includ- 
ing a  mathematical  treatment  of  the  mass  law,  which  it  would  be 
better  to  present  to  the  student  after  an  extensive  course  in  both 
qualitative  and  quantitative  analysis,  rather  than  as  an  introduc- 
tion to  the  first  of  these  subjects.  The  ionic  idea  is  carried  to 
the  utmost  limit  throughout  the  book,  and  the  language  would 
appear  like  mere  jargon  to  those  who  are  not  versed  in  the- mod- 
ern theories  of  solutions.  For  instance,  the  usual  test  for  phos- 
phoric acid  is  described  as  follows  :  "  The  orthophosphate  ion 
forms  with  the  molybdate  ion,  MoOj",  from  ammonium  molyb- 
date,  in  nitric  acid  solution,  a  phospbomolybdate  ion,  which  com- 
bines with  the  ammonium  ions  present  to  form  a  canary-yellow 
precipitate  of  ammonium  phospbomolybdate.  .  .  .  This  precip- 
itate dissolves  in  ammonium  hydroxide  because  under  these  con- 
ditions the  phosphomolybdate  ion  is  changed  to  the  molybdates 
and  orthophosphate  ions."  (No  formula  is  given  either  for  the 
phosphomolybdate  ion  or  the  yellow  wait.)  It  may  be  mentioned 
that  the  unsightly  spelling  of  certain  chemical  words,  such  as 
"  iodin,"  **  sulfid,"  and  "  hydroxid,"  is  used  in  this  book.  The 
number  of  pages  gives  a  wrong  idea  of  the  size  of  the  work,  for 
half  the  pages  left  blank  for  notes  are  counted.  h.  l.  w. 

7.  The  Elements  of  Qualitative  Analysis;  by  Wm.  A. 
NoYEs.  8vo,  pp.  101.  New  York,  1901  (Henry  Holt  and  Co.). 
— This  is  the  fifth  edition  of  this  little  book,  the  first  of  which 
appeared  in  1887.  It  is  evident  from  the  rapidity  with  which 
the  editions  have  appeared  that  the  work  is  extensively  used. 
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The  preseDt  issue  has  been  revised  and  the  part  dealing  with  the 
detection  of  the  acids  has  been  made  more  systematic.  The  book 
contains  a  concise  statement  of  the  ionic  theory,  with  illustrations 
of  its  application  to  qualitative  analysis.  h.  l.  w. 

8.  Die  heterogenen  Gleichgtvoichte  vom  Standpunkte  der  Pha- 
senkhre  ;  von  Dr.  H.  W.  Bakhuis  Roozeboom.  Vol.  1,  pp.  216, 
8vo.  -Braunschweig.  1901.  (Friedrich  Vieweg  &  Sohn.) — The 
introduction  to  this  volume  is  devoted  to  a  discussion  of  the 
Gibbs'  phase  rule  with  a  few  general  applications  to  cases  of 
equilibrium.  Book  I  deals  very  systematically  and  thoroughly 
with  equilibrium  in  systems  containing  one  component.  Volumes 
II  and  III  are  to  be  devoted  to  systems  of  two  and  three  com- 
ponents, respectively. 

Roozeboom,  in  1887,  was.  the  first  to  apply  the  phase  rule  to 
chemistry  and  since  then  he  has  contributed  perhaps  more  than 
anyone  else  to  our  knowledge  of  chemical  equilibrium.  The 
book  can  be  most  heartily  recommended  as  giving  a  thorough 
presentation  of  the  subject.  h.  w.  f. 

9.  Viscosity  of  Helium. — Lord  Rayleigh  found  for  the  vis- 
cosity of  pure  helium,  between  16°  and  100°,  the  value  A  =0'681 
and  C  (Sutherland)  =  72-2.  H.  Schultze,  who  has  also  worked 
on  the  viscosity  of  argon,  has  redetermined  the  viscosity  of 
helium,  but  regrets  that  the  helium  used  by  him  was  not  per- 
fectly pure.  He,  therefore,  compares  his  results  with  that  found 
by  Rayleigh  for  helium  not  wholly  pure.  The  latter  found  in 
this  case  A  =  0-96.  Schultze  finds  A=  1*086  at  15°.  He  calls 
attention  to  a  new  and  unexplained  phenomenon  in  the  transpira- 
tion of  gases.  He  often  found  a  difference  of  over  1  per  cent  in 
the  results  of  the  measurement  of  the  viscosity  of  a  mixture  of 
gases — such  as  helium  and  neon  or  argon — and  these  differences 
arose  from  a  change  in  direction  of  the  transpiration  of  the  gases 
through  the  capillary  tube.  The  author  does  not  agree  with  O. 
E.  Meyer  in  attributing  the  phenomenon  to  the  character  of  the 
capillary  tubes. — Ann.  der  Physiky  No.  10,  1901,  pp.  302-314. 

J.  T. 

10.  Air-tight  glass  stop-cocks, — All  who  have  worked  in  sub- 
jects requiring  high  exhaustions  have  met  with  difficulty  in 
obtaining  air-tight  stop-cocks.  The  most  perfectly  ground  glass 
stop-cocks  will  leak  after  a  few  hours.  This  leaking  is  hastened 
by  the  presence  of  high  tension  electrical  apparatus,  and  in  this 
case  is  apparently  due  to  minute  paths  formed  by  electrification 
on  the  surface  of  the  stop-cock.  Hermann  Thiele  and  Moritz 
EcKARDT  describes  a  mercury  seal  for  a  stop-cock  which  prevents 
to  a  high  degree  the  leaking  of  the  cock.  They  also  describe  a 
mercury  seal  which  dispenses  with  a  stop-cock. — Ann.  der  Physik,, 
No.  10,  1901,  pp.  428-431.  J.  T. 

11.  Migration  of  the  ions. — Hittorf  has  shown  the  dependence 
of  this  migration  upon  the  concentration  and  the  temperature 
of  the  solution  of  the  electrolyte.  R.  Gans  investigates  the 
dependence  of  this  migration  upon  physical  conditions  and  finds 
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that  the  relative  change  in  the  velocities  u  and  v  of  the  ions  fol- 
lows in  the  same  sense  and  amount  the  changes  in  the  pressure. 
From  the  change  in  conductibility  and  the  number  denoting  the 
amount  of  migration,  one  can  calculate  the  change  in  the  velilcity 
of  the  ions. — Ann,  der  Physik,^  No.  10,  1901,  pp.  316-330. 

J.  T. 

12.  Photometry  of  the  Ultra-  Violet  rays, — The  ^reat  intensity 
of  the  light  electric  effects  produced  by  an  electric  spark,  leads 
H.  Kreusler  to  experiment  with  a  view  to  determining  whether 
the  phenomenon  might  not  lead  to  a  method  in  photometry.  The 
electrodes  for  the  spark  consisted  of  aluminum,  zinc,  and  an 
alloy  of  equal  parts  of  zinc  and  cadmium,  with  addition  of  5  per 
cent  of  antimony.  No  constant  light  was  obtained  except  in  the 
case  of  aluminum  if  both  electrodes  were  of  the  same  metal. 
This  constancy  was  obtained,  however,  if  the  negative  pole  was 
made  of  aluminum.  The  photo-electric  cell  was  that  of  Warbury, 
consisting  of  suitable  electrodes  in  an  atmosphere  of  rarified 
hydrogen.  The  measurements  were  carried  out  with  the  object 
of  determining  the  absorption  coefficients  of  various  gases  and  of 
water.  '  Although  there  were  evidences  of  constant  errors  the 
method  seems  a  promising  one. — Ann.  (ler  Physik,^  No.  10, 1901, 
pp.  412-423.  J.  T. 

II.    Geology  and  Mineralogy. 

1.  Glaciation  in  Tierra  del  Fuego  and  in  the  Antarctic. — In 
a  very  interesting  account  of  the  Antarctic  voyage  of  the 
"Belgica"  during  the  years  1897  to  1899,  read  before  the  Royal 
Geographical  Society  by  Henry  ARgxowsKi,  of  the  scientific 
staff  of  the  expedition,  some  observations  are  given  in  regard  to 
the  ancient  glaciers  of  Tierra  del  Fuego,  and  also  of  parts  of 
Graham  Land  and  neighboring  islands  in  the  Antarctic  directly 
south  of  Cape  Horn.  In  respect  to  Tierra  del  Fuego,  the  author 
remarks  that  well-preserved  traces  of  the  former  extension  of  the 
glaciers  were  observed  at  numerous  points.  The  bay  of  the  great 
glacier  is  a  fine  fiord  opening  into  Darwin  channel ;  this  fiord  is 
divided  into  basins  by  three  large  transversal  moraines.  He 
adds :  ^'  The  transversal  moraines  are  not  the  only  indications  of 
the  ancient  extension  of  the  great  glacier.  They  rather  mark 
with  great  clearness  the  stages  of  a  rapid  retreat  of  this  immense 
river  of  ice  at  the  close  of  the  glacial  epoch.  The  sides  of  the 
mountains  which  border  the  fiord  bear  roches  moutonnies  at  con- 
siderable altitudes,  and  one  of  the  mountains  has  the  character- 
istic outline  of  a  huge  sheep^s  back  surmounted  by  a  small  hillocL 
This  latter  has  sharp  ridges,  whilst  all  the  rest  of  the  mountain  is 
polished  and  planed  by  the  ero8i\e  action  of  the  ice.  I  have  no 
doubt  that  during  the  glacial  epoch  it  was  a  nunatak  rising  abovQ 
the  surface  of  the  inland  ice  which  covered  the  Darwin  moun- 
tains, and  which  certainly  reached  to  this  point.  It  was  not 
merely,  therefore,  the  head  of  the  fiord  which  was  blocked  with 
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ice,  bat  the  whole  of  this  immense  valley  was  buried  in  this  out- 
pouring of  the  inland  ice,  until  only  a  few  of  the  mountain  sum- 
mits remained  above  the  surface  of  the  icy  mantle."  Similar 
observations  were  made  on  the  neighboring  Staten  Island. 

The  author  remarks  upon  the  remarkable  character  of  the 
present  Antarctic  glaciers  in  being  usually  simply  ice-caps,  form- 
ing convex  glaciers  covered  with  heavy  snow.  There  are,  how- 
ever, also  both  ice  rivers  and  cascades,  and  forms  recalling 
'*corrie  glaciers"  all  alike  buried  beneath  a  mietntle  of  per- 
petual snow,  and  bare  ice  is  nowhere  seen.  Numerous  evidences 
were  observed  of  the  greater  extension  of  glaciers  in  former 
times,  in  the  frequent  occurrence  of  roches  tnoutonnieSy  in  the 
moraines  and  in  the  distribution  of  erratic  blocks. 

Moraines  were  observed  at  various  points  along  Belgica  strait 
between  Danco  Land  and  the  outlying  islands.  One  of  these 
moraines  at  Cape  Reclus,  running  from  northeast  to  southwest, 
had  a  great  extent,  and  it  was  concluded  that  the  glacier  producing 
this  moraine  must  have  had  a  breadth  of  10  miles  and  a  depth  of 
342  fathoms.  Another  moraine  on  Banck  island  had  a  height  of 
65  'feet  and  ran  parallel  to  the  strait.  There  must  have  been 
formerly  an  immense  glacier  which  flowed  westward  through 
Belgica  strait  toward  the  Pacific  ocean.  It  is  suggested  that 
the  facts  observed  indicate  that  the  existing  climate  of  Antarctic 
lands  in  64°  South  latitude  may  be  to-day  much  the  same  as  that 
which  prevailed  in  Tierra  del  Fuego  (54°  S.  L.)  during  the  ice- 
age. —  Geogr,  J,^  xviii,  363. 

2.  The  Glaciers  of  /Switzerland  in  1900, — The  Sixth  Annual 
Report  of  the  International  Commission  of  Glaciers,  edited  by 
S.  FiNSTSRWALDER  and  E.  MuRET,  gives  a  summary  of  the  con- 
dition of  glaciers  over  the  northern  hemisphere  during  the  year 
1900.  In  regard  to  the  glaciers  of  Switzerland,  it  states  that  the 
phase  of  retreat,  characteristic  of  the  years  preceding,  has  still 
continued.  It  may  be  said  that  in  1900  all  the  glaciers  of 
Switzerland,  with  a  single  exception,  were  either  at  a  state  of 
minimum  or  actually  receding.  The  exception  is  the  small 
glacier  of  Boveyre  in  val  d'Entremont  (Valais),  which  attained 
an  elongation  of  8  meters  in  1900,  and  of  113  meters  between 
1802  and  1900.  Six  other  glaciers  are  mentioned  as  possibly 
ad\  ancing,  though  the  observations  need  confirmation,  but  of  the 
remaining  seventy-five  examined,  sixty-one  were  certainly  and 
fourteen  probably  retrograding. — J^ibl.  TJhiv.f  xii,  1901. 

3.  United  States  Geologiad  ISuroey :  Charles  D.  Walcott, 
Director. — Three  volumes  of  the  Twenty-first  Annual  Report 
have  recently  been  issued.  These  include  Parts  I  and  VI.  The 
former  contains  the  Director's  Report  already  issued  in  separate 
form  and  noticed  on  page  468  of  Vol.  XI.  With  this  are  included 
abo  appendixes,  including  triangulation,  primary  traverse  and 
spirit  leveling. 

A.M.  Jour.  Scl— Fourtu  Series,  Vol.  Xir,  No.  72.— December,  1901. 
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Part  VI,  devoted  to  the  Mineral  Resources  of  the  United  States 
for  1899,  prepared  by  David  T.  Day,  is  issued  in  two  volumes,  of 
upwards  of  600  pages  each.  The  first  includes  Metallic  Products 
with  Coal  and  Coke  ;  the  second  Non-Metallic  Products.  The 
separate  topics  are  handled  as  heretofore  by  different  individuals, 
and  a  large  amount  of  information  is  thus  put  before  the  public, 
with  great  promptness,  in  regard  to  the  development  of  the  min- 
eral wealth  of  the  country. 

4.  Indiana :  Department  of  Geology  and  Natural  Itesouroes. 
26th  Annual  Report,  1900.  W.  S.  Blatchley,  State  Geologist. — 
In  addition  to  the  usual  annual  reports  and  statistics  on  oil,  gas, 
coal  and  building  stone,  this  volume  contains  articles  on  Portland 
Cement,  by  W.  S.  Blatchley,  and  Hydraulic  Limestone  of  South- 
eastern Indiana,  by  C.  E.  Siebenthal.  The  paper  on  The  Lakes 
of  Northern  Indiana  and  their  associated  Marl  Deposits,  by  W.  S. 
Blatchley  and  Geo.  H.  Ashley  (pp.  31-322),  takes  up  the  ques- 
tion of  the  origin  of  the  lakes  and  of  the  marl  and  gives  maps 
and  detailed  descriptions  with  analyses  of  over  100  occurrences. 
^  The  original  source  of  the  marl  material  is  the  glacial  clay  and  it 
is  brought  into  the  lakes  by  subaqueous  springs  and  is  deposited 
because  of  the  loss  of  carbondioxide.  This  loss  is  caused  either 
by  increase  in  temperature  or  decrease  in  pressure  or  by  the 
action  of  aquatic  plants.'  This  conclusion  is  not  in  accord  with 
the  results  obtained  by  C.  A.  Davis  from  a  study  of  the  Michi- 
gan lakes  (Jour,  of  Geol.,  Sept.-Oct.,  1900,  and  Sept.-Oct.,  1901), 
in  which  plants  *'  alone  have  produced  a  very  large  part  of  the 
marl."  In  this  volume  (pp.  530-768  -h  31  plates)  Dr.  E.  M. 
Kindle  publishes  his  final  paper  on  the  Devonian  Fossils  and 
Stratigraphy  of  Indiana.  h.  s.  g. 

6.  Greological  Survey  of  New  Jersey^  Annual  Report ^  1900, 
Trenton. — This  report  shows  progress  iii  all  divisions  of  the  state 
work.  One-sixth  of  the  field  work  for  the  new  topographic  map 
(2000  ft.  to  the  inch)  is  now  done ;  a  new  series  of  geological 
maps  is  planned  ;  the  study  of  the  Paleozoic  formation  was  con- 
tinued :  much  new  data  was  collected  on  artesian  wells,  forestry, 
drainage  of  swamps,  etc.  The  report  includes  the  following 
papers :  A  Preliminary  Report  on  the  Palaeozoic  Formations,  by 
Stuart  Weller  (pp.  1-8) ;  Report  on  Portland  Cement  Industry, 
by  H.  B.  Kimmel  (pp.  9-101) ;  Artesian  Wells,  by  Lewis  Wool- 
man  (pp.  103-171) ;  Mineralogical  Notes,  by  Albert  H.  Chester 
),  173-188) ;  Chlorine  in  the  Natural  Waters  of  the  State,  by 
m.  S.  Myers  (pp.  189-196)  ;  the  Mining  Industry,  by  EL  B. 
Kimmel  (pp.  197-213).  H.  E.  G. 

6.  Ice  Jiamparta ;  by  E.  R.  Buckley,  Ph.D.,  with  a  discus- 
sion by  Professor  C  R.  Van  Hise.  Trans.  Wis.  Acad,  of  Sciences, 
Arts  and  Letters,  vol.  xiii,  pp.  141-162  with  17  plates. — Dr. 
Buckley  has  made  a  study  of  the  behavior  of  expanding  and  oqd- 
tracting  ice  and  the  resulting  deformation  of  the  ice  and  of  the 
shore.  The  facts  collected  are  of  interest  in  themselves,  but  as 
Professor  Van  Hise  points  out,  their  greatest  value  lies  in  the 
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fact  that  the  phenomena  ^*  reproduce  on  a  larger  scale  than  has 
been  possible  by  experiment  in  the  laboratory,  many  of  the  phe- 
nomena of  crustal  deformation.^'  '*  The  analogies  are  so  aston- 
ishingly close  as  to  lead  to  the  conclusion  that  in  most  cases 
crustal  forces  have  acted  in  a  similar  manner  to  those  in  which 
the  forces  in  the  ice  have  acted."  h.  e.  g. 

7.  Syllabus  of  a  Course  of  Lectures  on  Elementary  Geology  ; 
by  John  C.  Bran  neb,  Ph.D.  Stanford  University  Press,  1898. 
Pp.  301.  Syllabus  of  a  Course  of  Lectures  on  JScononiic  Geology  ; 
by  John  C.  Branner  and  John  F.  Newsom.  Stanford  Univer- 
sity, 1900.  Pp.  346. — These  publications  are  useful  additions 
to  a  geologist's  teaching  outfit,  and  are  adapted  to  the  uses 
of  students  while  in  college  and  afterward.  These  books  may 
well  be  recommended  to  general  readers  who  wish  a  guide  in 
geological  reading.  The  outlines  are  full,  the  illustrations  clear 
and  abundant,  and  the  bibliography  is  well  chosen  for  the  pur- 
pose in  view.  h.  e.  g. 

8.  The  Loess  of  Iowa  City  and  Vicmity ;  by  B.  Shimek,  C.E. 
Bull.  Laboratories  of  Nat.  Hist.,  University  of  Iowa,  vol.  v, 
No.  2,  pp.  195-212. — From  a  study  of  the  fossil  shells  found  in 
the  loess,  Mr.  Shimek  concludes  that  ''bodies  of  water  did  not 
exist  where  loess  is  now  found."  "The  molluscan  fauna  of  the 
loess  points  to  comparatively  dry  upland  terrestrial  conditions 
such  as  exist  over  the  greater  part  of  Iowa  to-day."         h.  e.  g. 

9.  The  River  System  of  Connecticut ;  by  William  Herbert 
HoBBS.  Jour.  Geol.,  Sept.-Oct.,  1901. — The  location  of  Connec- 
ticut rivers  is  explained  by  Professor  Hobbs  as  the  result  of 
faulting.  H.  s.  g. 

10.  The  Sivamalai  Series  of  Eleolite- Syenites  and  Corundum- 
Syenites  in  the  Coimbatore  Distr.y  Madras  Presidency  ;  by  Thos. 
H.  Holland.  Mem.  Geol.  Surv.  India,  vol.  xxx,  pt.  3,  pp.  169- 
220,  1901. — Eleolite-syenite  forms  the  main  mass  of  a  large  hill 
in  the  district  mentioned.  -  It  is  gneissoid,  having  a  well-marked 
foliation,  generally  in  conformity  to  the  enclosing  gneisses. 
There  are  several  varieties  of  the  rock,  the  most  prevalent  being 
an  even  gray  one  consisting  of  34  per  cent  eleolite,  66  of  micro- 
perthite  feldspar,  3*6  of  magnetite  and  6*4  of  biotite,  plagioclase, 
graphite,  etc.     An  analysis  by  T.  L.  Walker  gave 

SiOa        A1,0,     Fe,04      MgO      CaO      Na,0      K9O        C         Ign. 
65-68     23-81      4-84      0-65      1-69     9-23     5-16     0-58     0-34  =  101-98 

The  chief  point  of  interest  lies  in  the  presence  of  the  graphite, 
distributed  in  thin  scales.  It  shows  on  heating,  after  treatment 
with  nitric  acid,  the  phenomenon  of  "  sprouting  "  which  has  been 
held  by  Moissan  to  be  characteristic  of  graphite  crystallized 
from  fusion.  Not  only  is  the  graphite  in  the  main  rock  type  but 
also  in  coarse-grained  ^'contemporaneous  veins"  and  in  black 
basic  lenses  or  dike-like  bands. 

As  the  occurrence  of  graphite  as  a  well-defined  constituent  of 
a  rock  which  has  been  held  heretofore  to  be  of  purely  igneous 
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origin  is  a  novel  phenomenon  of  great  interest,  the  author  has 
studied  with  care  the  field  relations  of  the  rock  mass.  There  is, 
however,  no  direct  evidence  to  be  obtained  from  the  exposures  a» 
to  its  intrusive  nature.  So  far  as  can  be  made  out,  it  occurs  aft 
lenticular  masses  in  the  schists.  There  are  many  points,  how- 
ever, to  be  seen  in  the  field  which  are  characteristic  of  igneous 
masses,  and  balancing  all  the  evidence  obtainable  the  writer  feels 
it  to  be  distinctly  in  favor  of  considering  the  rock  masses  erup- 
tive in  origin.  The  foliated  structure  is  thought  to  have  been 
imposed  before  complete  consolidation.  Agreeing  with  this 
view,  we  are  now  forced  to  recognize  graphite  as  a  new  and  pos- 
sible constituent  of  igneous  rocks,  which  may  give  rise  to  new 
types  on  occasion. 

The  corundum  occurs  in  a  feldspathic  rock  associated  with  the 
eleolite-syenite.  Some  varieties  contain  a  red  garnet,  others 
chrysoberyl.  This  syenite  is  found  with  the  eleolite-syenite  in 
such  a  way  that  its  exact  relations  cannot  be  definitely  told,  but 
it  is  held  to  be  a  differentiated  product  of  the  same  magma. 
There  is  thus  a  remarkable  analogy  with  the  occurrence  in 
Hastings  County,  Ontario.*  l.  v.  p. 

11.  On  a  Peetdiar  Form  of  altered  Peridot ite ;  by  T.  H. 
Holland.  Mem.  Geol.  Surv.  India,  vol.  xxxiv,  pt.  1,  pp.  1-9, 
1901. — The  auther  describes  a  rock  mass  at  Huliyar,  Mysore 
State,  India,  consisting  of  a  matrix  of  interlaced  colorless  talc 
and  pale  green  picrolite  (columnar  serpentine)  with  numerous 
granules  of  a  rhombohedral  carbonate  and  magnetite  dust  in 
which  lie  well-formed,  porphyritic  crystals  of  dark  gray  breun- 
nerite,  from  one-half  to  one  inch  across ;  they  form  36  per  cent 
of  the  rock.  From  its  staining  with  iron  oxide  the  rock  appears 
like  a  diabase  with  porphyritic  pyroxenes  or  hornblendes.  The 
matrix  and  breunnerites  were  analyzed  separately,  and  combining 
the  analyses  the  rock  is  found  to  have  the  composition 

SiOa  Fe.O*  MgO  GO,  HjO 

27-3  12-7  360  20*0  5-0  =  lOO'O 

From  this  it  is  assumed  that  the  rock  was  a  dnnite  which  has 
been  changed  by  the  action  of  water  and  carbonic  acid.    l.  v.  p. 

12.  Perknite. — This  name  has  been  proposed  by  H.  W.  Turner 
for  the  dark-colored,  heavy,  basic,  holocrystalline  igneous  rocks 
composed  of  monodinic  amphibole  or  pyroxene  or  both.  In 
addition  to  these  chief  components,  rhombic  pyroxene,  olivine  or 
feldspar  may  occur  as  secondary  ones  and  there  may  be  accessory 
biolite,  iron  ore,  etc.  These  rocks  have  hitherto  been  called 
pyroxenite  or  amphibolite  or  hornblendite,.  but  they  have  not 

*  The  occurrence  of  graphite  as  a  well-marked  constituent  of  an  igneous  rode 
is  a  ujattcr  of  ^reat  interest  and  inaportance.  It  will  be  correlated  with  the 
diamonds  in  tbepcridotites  of  South  Africa  and  m  certain  meteorites  and  throws 
new  lij^ht  on  its  occurrence  in  pegmatite  dikes  described  from  Canada.  If  it  can 
be  definitely  shown  by  suflBcient  evidence  that  carbon  is  a  constituent  of  (he 
deep-seated  magmas,  certain  vexed  questions  in  geology  may  be  susceptible  of 
a  better  explanation  than  any  yet  offered.     L.  v.  p. 
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been  grouped  under  one  name,  as  here  proposed. — Jour,  Geol.y 
vol.  iXy  pp.  507-511,  1901.  L.  V.  p. 

13.  Outline  of  Elementary  Lithology  ;  by  Geo.  H.  Barton. 
Pp.  112,  12mo.  (Boston,  1900.)— This  little  work  is  a  digest  of 
the  main  features  of  the  subject  of  Lithology.  The  important 
rock-making  minerals  and  their  properties,  the  names,  textures, 
and  classification  of  rocks,  are  given  in  synoptical  form.  It  will 
be  found  useful  by  students  reviewing  a  lecture  course  on  this 
subject.  L.  V.  p. 

14.  Synchisite  and  MolybdophyUite. — A  recent  number  (No.  9) 
of  the  Bulletin  of  the  Geological  Institution  of  the  University  of 
TJpsala  contains  a  mineralogical  paper  by  G.  Flink  with  notes  on 
several  known  species  and  also  descriptions  of  the  new  species, 
synchisite  and  molybdophyllite. 

Synchisite,  from  Nararsuk  in  southern  Greenland,  was  earlier 
described  by  G.  Nordenskiold  as  parisite.  It  is  now  found,  how- 
ever, to  be  distinct.  The  crystallization  is  rhombohedral  instead 
of  hexagonal  and  it  shows  no  distinct  cleavage.  Crystals  have 
commonly  the  form  of  acute  rhombohedrons.  The  hardness  is 
4*6  ;  specific  gravity  3*902 ;  color  wax-yellow.  The  composition 
OeFCaCjO^  is  deduced  from  analyses,  the  most  recent  of  which 
{by  Mauzelius)  is  as  follows : 

CO,      ThOj      Ce,0,    (LaDOsO,    Y9O,     FeaO,       CaO         P        H,0 
36-99       0-30       21-98         28-67         118       Oil       1663       504       2-10=102-00 

Molybdophyllite  is  a  new  lead  silicate  from  LSngban,  Swe- 
den. It  occurs  in  irregular  foliated  masses,  resembling  mica, 
imbedded  in  granular  limestone  ;  crystallization  hexagonal ;  cleav- 
age basal  perfect.  The  hardness  is  3  to  4  ;  speci6c  gravity 
4*71'/.  It  is  colorless  with  pearly  luster  on  the  cleavage  face, 
elsewhere  glassy.  The  composition  R,SiO^-f  H,0  is  given  by  the 
analysis : 

SiOa        PbO        MgO        Al.O,        NaaO        K,0        H,0 
18-16         6109        11-71  0-46  082  069         6-32  =  99-24 

15.  Crystallization  of  iStannite, — L.  J.  Spencer  shows  that 
stannite  crystallizes  not  in  the  tetrahedral  group  of  the  isometric 
system  as  has  been  assumed,  but  in  the  scalenohedral  group  of  the 
tetragonal  system,  as  early  suggested  by  Haidinger.  Crystals 
from  Bolivia  are  very  near  chalcopyrite  in  occurring  forms  and 
in  angles,  and  like  it  are  often  pseudo-cubic  from  twinning. — 
Min,  Mag.y  xiii,  54. 

16.  Conchite  and  Ktypteite. — H.  Vater  shows  that  the  supposed 
new  form  of  calcium  carbonate,  called  conchite  (p.  84)  by  Agnes 
Kelly,  is  in  fact  not  distinct  from  aragonite.  The  ktypteite  of 
Lacroix  is  probably  also  identical  with  the  same  mineral. — 
Zeitsqhr.f,  ICryst.,  xxxv,  149. 

17.  The  Meteorite  of  Felix,  Perry  County,  Alabama, — An 
account  has  recently  been  given  by  G.  P.  Merrill  of  the  stony 
meteorite  which   fell   near   Felix,  Alabama,  on   May    15.,   1900. 
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The  explosion  of  the  original  meteor  yielded  three  pieces  ;  of 
these,  the  main  mass  recovered  weighed  about  7  pounds ;  a  second 
small  piece  was  found  but  lost  and  a  third  has  not  been  found. 
The  material  of  the  meteorite  is  soft  and  friable,  resembling 
somewhat  the  stones  of  Warrenton,  Missouri,  and  Lanc6,  France, 
though  darker  than  the  former  and  more  chondritic  than  the  lat- 
ter. It  consists  essentially  of  the  minerals  olivine,  augite,  and 
enstatite,  with  troilite  and  native  iron,  the  silicates  occurring  in 
the  form  of  chond rules,  or  associated  more  or  less  f ragmen tal 
particles,  embedded  in  a  dark,  opaque,  or  faintly  translucent  base, 
which  is  irresolvable  so  far  as  the  microscope  is  concerned.  The 
non-metallic  portion  (including  troilite  and  chromite)  made  up 
97  per  cent  of  the  whole  and  iiickeliferous  iron  only  3  per  cent. 
The  dark  color  of  the  stone  is  attributed  to  carbon  distributed  as 
minute  flakes  of  graphite. — Proc.  U.  S.  Nat,  Museum,  xxiv,  192. 

III.    Zoology. 

1.  Note  on  the  Nomenclature  of  Bermuda  Birds, — Mr.  A. 
Hyatt  Verrill  published  a  short  paper  on  the  Bermuda  avi- 
fauna in  this  Journal  for  July,  l&Ol  (issued  the  last  of  June). 
He  also  printed  a  more  detailed  article  in  "The  Osprey,"  v, 
pp.  83-85,  for  June,  1901,  with  figures  of  the  three  following 
species  and  of  the  Tropic  Bird,  photographed  from  life.  In 
these  articles  he  described  the  Bermuda  Cardinal  Bird  and  the 
Blue  Bird  as  new  sub-species,  peculiar  to  Bermuda.  The  Cardi- 
nal Bird  he  named  Cardinalis  cardinalis  Somersii ;  the  Blue 
Bird,  Sialia  sialis  Bermudensis ;  the  Ground  Dove,  Columbi- 
gallina  passerina  Bahamensis, 

Outram  Bangs  and  Thos.  S.  Bradlee  also  published  a  paper  on 
the  Birds  of  Bermuda  in  "The  Auk"  for  July,  1901,  pp.  249- 
267,  in  which  new  names  are  given  to  two  of  these  birds  and 
two  others,  which  they  call  new  species. 

They  name  the  Ground  Dove,  ColumbigaUina  bermudiana; 
the  White-eyed  Vireo,  Vireo  bermudiamis  :  the  Catbird,  GaleO' 
scoptes  bermudianus ;  the  Cardinal,  Cardinalis  bermudianus, 
Mr.  YerrilPs  article  in  this  Journal  appears  to  have  been  pub- 
lished a  few  days  earlier  than  the  latter. 

To  me  it  seems  quite  useless  to  regard  these  very  slightly  dif- 
ferentiated forms  as  distinct  "species."  The  differences  noted 
in  the  Ground  Dove,  Catbird,  and  Vireo,  are  trivial  and  scarcely 
sufficient  to  constitute  varieties.  To  consider  them  as  "sub- 
species" is  certainly  a  sufficient  strain  on  the  much-stretched 
meaning  of  the  term  '^  sub-species."  I  should  at  most  call  these 
mere  local  varieties,  scarcely  differentiated. 

In  respect  to  the  Ground  Dove,  there  are  reasons  for  believing 
that  it  was  introduced  to  Bermuda  from  the  Bahamas,  since  the 
settlement  of  the  islands,  like  many  other  things.  None  of  the 
earlier  writers  mentioned  it  in  the  lists  of  birds  that  they  gave. 
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This  would  hardly  have  been  the  case  had  it  been  present,  for  it 
is  exceedingly  tame  and  familiar. 

Mr.  A.  K.  Fisher,  in  Bird  Lore,  Oct.,  1901,  p.  178,  states  that 
the  original  MbtacUla  sialis  Linn^,  ed.  x,  p.  187,  was  from  Ber- 
muda. This  is  not  correct.  Linn^  gave  it  as  from  *^  Bermudis 
<fe  America  calidore."  He  also  quoted  Catesby,  Hist.  Carolina, 
etc.,  p.  47,  pi.  47,  1731.  Catesby  says  that  he  had  seen  it  in 
*' Carolina,  Virginia,  Maryland,  and  the  Bermudas."  But  he 
states  in  his  preface  that  his  birds  were  mostly  drawn  in  Caro- 
lina and  Georgia,  where  he  spent  several  years  in  drawing  them. 
A  few  were  drawn  in  the  Bahamas,  where  he  spent  about  a  year, 
mostly  on  the  fishes  and  plants.  He  does  not  say  that  he  made 
any  drawings  in  Bermuda,  where  he  probably  made  a  mere  pass- 
ing visit.  The  Bluebird  docs  not  occur  in  the  Bahamas.  His 
figure  clearly  represents  the  common  North  American  variety. 

A.  K.  V. 

2.  Reports  on  the  Fauna  of  Porto  Hico, — As  a  result  of  the 
scientific  expedition  to  Porto  Rico  on  the  Steamer  "  Fish  Hawk," 
1898-99,  the  United  States  Fish  Commission  has  published,  in 
its  Bulletin  for  1900,  several  valuable  reports  on  the  fauna  of 
the  island.  , 

The  largest  and  most  fully  illustrated  is  the  Report  on  the 
Fishes  and  Fisheries,  by  Everman  and  Marsh,  1900,  (360  pages, 
49  colored  plates,  and  a  map).  In  this  report  291  species  of 
fishes  are  included.  The  plates  are  excellent.  They  were  drawn 
and  colored  from  life  by  A.  H.  Baldwin  and  C.  B.  Hudson.  It 
forms  an  excellent  manual  for  any  part  of  the  West  Indian 
region. 

The  Report  on  the  Brachyura  and  Macrura,  by  Miss  M.  J. 
Rathbun  (137  pages,  2  colored  plates)  is  also  a  very  complete 
report  on  these  Crustacea.  It  contains  descriptions  of  all  the 
genera  and  species,  with  analytical  tables,  and  will  serve  as  a 
standard  manual. 

The  Report  on  the  Anomura,  by  J.  £.  Benedict  (17  pages,  4 
plates)  is  of  the  same  excellent  character. 

Mr.  R.  P.  Bigelow  has  reported  on  the  Stomatopoda  (10  pages, 
with  cuts). 

Mr.  H.  F.  Moore  has  prepared  the  Report  on  the  Isopoda  (14 
pages,  with  cuts,  and  5  plates),  and  Mr.  M.  A.  Bigelow,  a  very 
short  Report  on  the  Cirripedia,  which  were  evidently  much  neg- 
lected. 

The  Report  on  the  Echinoderms  is  by  Professor  H.  L.  Clark 
(33  pages,  3  plates).  It  is  fairly  complete  for  the  shallow  water 
forms,,  though  many  common  West  Indian  starfishes  and 
ophiuroids  are  lacking. 

The  Report  on  the  Annelids,  by  A.  L.  Treadwell  (27  pages, 
with  cuts)  contains  a  considerable  number  of  new  species,  but  is 
evidently  based  on  a  very  incomplete  collection. 

Mr.  W.  R.  Coe  has  also  contributed  a  short  report  on  the  very 
few  nemerteans  that  were  obtained. 
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J.  P.  Moore  has  described  two  new  leeches. 
We  understand  that  several  other  reports,  on  other  groups,  are 
soon  to  be  printed.  a.  e.  v. 

3.  Papers  from  the  Alaska  Harriman  JSxpedition, — Several 
useful  and  valuable  reports  on  the  collections  obtained  by  the 
Harriman  expedition  have  already  been  printed  by  the  Washing- 
ton Academy  of  Sciences. 

The  Report  on  the  Nemerteans,  by  W.  R.  Coe  (March,  1901, 
84  pages,  with  cuts  and  13  plates,  6  colored),  is,  perhaps,  the  most 
important  and  complete  of  those  hitherto  published.  It  relates 
to  a  group  that  is  very  richly  developed  on  the  Alaskan  coast, 
and  which  has  hitherto  been  almost  entirely  neglected  in  those 
waters.  It  includes  32  species,  of  which  28  are  new.  The  col- 
ored figures  are  excellent.  A-  k.  v. 

4.  Zodlogy :  An  Elementary  Text  Book  ;  by  A.  E.  Shipley 
and  E.  W.  MacBeide.  London  and  New  York,  1901  (The  Mac- 
millan  Co.).  8vo,  032  pages,  347  cuts. — Although  called  "  ele- 
mentary "  this  is  a  rather  complete  text-book,  suitable  for  the 
more  advanced  students  in  colleges  and  universities,  or  for  a  ref- 
erence book.  The  treatment  of  the  subjects  is  clear  and  the 
illustrations  are  generally  excellent.  The  Vertebrata  (or  Chor- 
data)  occupy  an  unusually  large  part  (nearly  half,  or  286  pages) 
of  the  book,  which  will  probably  be  considered  an  advantage  by 
many  instructors.  But  it  compels  a  severe  cutting  down  of  the 
space  for  some  of  the  important  groups  of  Invertebrata.    Thus  the 

freat  group  of  hexapod  insects  occupies  only  23  pages,  and  the 
[ollusca  39  pages. 

It  is  an  excellent  addition  to  the  list  of  recent  text-books  and 
manuals  of  zo5logy.  a.  e.  v. 

5.  An  Elementary  Course  of  JPtactical  Zodlogy ;  by  T. 
Jeffrey  Pabkbb  and  W.  N.  Parker.  London  and  New  York 
(The  Macmillan  Co.).  Small  8vo,  608  pages,  166  cats. — This 
is  intended  mainly  as  a  laboratory  guide  for  a  course  in  "biology" 
or  comparative  anatomy,  such  as  is  commonly  given  in  many  of 
our  colleges  and  scientific  schools.  For  this  purpose  it  seems  to 
be  admirably  adapted,  being  more  up  to  date  than  most  of  the 
similar  works  now  in  use.  About  one-third  the  book  (215  pages) 
is  devoted  to  the  study  of  the  frog,  in  detail.  The  balance  is 
devoted  to  various  other  typical  forms,  such  as  the  amoeba,  hydra, 
earthworm,  crayfish,  mussel,  amphioxus,  dogfish,  rabbit.  About 
60  pages,  at  the  end,  are  devoted  to  cell  structure  and  embryology. 

a.  b.  v. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  National  Academy  of  Sciences. — The  following  is  a  list  of 
the  papers  entered  to  be  read  before  the  National  Academy  at  the 
meeting  in  Philadelphia,  held  Nov.  12-14. 

George  F.  Becker:  Note  on  linear  force  exerted  by  growing  crystals.     Note 
on  the  erogenic  iheory  of  tilted  blocks. 
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Horatio  C.  Wood,  Jr.  :  Oo  the  vaso-motor  suoply  of  the  hmgs. 

Georoe  F.  Barker:  Biog^phical  memoir  of  Frederick  Augustus  Gtenth.  The 
monatomic  gases.     The  newer  forms  of  iDcaodescent  electric  lamps. 

James  M.  Grafts  :  On  the  pseudo-catalytic  action  of  concentrated  acids. 

Samuel  L.  Penfield:  On  the  use  of  the  stereographic  projection  in  making 
accurate  maps ;  with  criticism  of  some  recent  methods  of  map  projection  The 
tendency  of  complex  chemical  radicals  to  control  crystallization  because  of  their 
mass  effect ;  a  study  in  isomorphism. 

Charles  S.  Peirce:  On  the  logic  of  research  into  ancient  history. 

Edgar  F.  Smith  :  Observations  on  tungsten. 

S.  Weir  Mitohbll  and  Simo.v  Flezner:  Snake  venom  in  relation  to  haemo- 
lysis, bacteriolysis  and  toxicity. 

Ira  Rbmsen:  On  the  nature  of  the  double  halides. 

Otrus  B.  Comstock:  Biographical  memoir  of  General  John  Newton. 

Henry  F.  Osbor!^:  Dolichocephaly  and  Brachycephaly  as  the  dominant 
factors  in  cranial  evolution.  Cranial  evolution  of  Titanotherium  II.  Latent  or 
potential  homoloey. 

Edward  W.  Morlet  and  Charles  F.  Brush:  A  new  gauge  for 'the  direct 
measurement  of  small  pressures.  Transmission  of  heat  through  vapor  of  water 
at  small  pressures. 

Carl  Barus:  On  quadrant  electrometry  with  a  free  light  needle  highly 
charged  through  a  conductor  of  ionized  air.  On  nuclear  condensation  in  the 
vapor  of  non-electrolytes  like  benzene ;  and  on  graded  condensation. 

Henry  L.  Bowditch:  The  work  of  the  International  Association  of  Acad- 
emies. 

Caswell  Grave:  A  method  of  rearing  marine  larvce. 

2.  Annual  Report  of  the  JBoard  of  Regents  of  the  Smithsonian 
Institution^  for  the  year  ending  June  St),  1900,  Pp.  xlv,  769. 
WashiDgtoD,  1901. — The  Annual  Report  of  the  Smithsonian 
Institution,  recently  published,  includes  in  its  preliminary  part 
the  Report  of  the  Secretary,  Professor  S.  P.  Langley,  which  was 
issued  earlier  in  separate  form,  and  has  been  noticed  on  page  400 
of  the  May  number.  The  remainder  of  the  volume  is  occupied  with 
the  general  Appendix,  which  contains  reprints  of  a  well-selected 
series  of  papers,  on  topics  ranging  from  astronomy  to  medicine, 
and  all  calculated  to  be  of  great  interest  to  the  ordinary  reader 
as  well  as  to  the  scientist.  With  its  other  important  functions, 
the  Smithsonian  Institution  does  a  valuable  work  in  thus  present- 
ing to  the  public  well-digested  reviews  of  the  progress  of  science' 
in  its  different  departments  and  also  in  republishing  articles 
which  would  not  otherwise  be  readily  accessible.  Of  the  subjects 
here  included,  one  of  particular  interest  is  an  account,  liberally 
illustrated,  of  the  Langley  Aerodrome,  and  another  on  the  Zep- 
pelin Air  Ship  accompanies  it.  A  complete  list  of  the  papers 
printed  in  the  volume  would  be  required  to  show  their  range  of 
subject  and  individual  importance. 

3.  The  Smithsonian  Institution :  Documents  relative  to  its 
Origin  and  History^  18S5-1809  ;  compiled  and  edited  by  William 
Jones  Hiiees,  in  two  volumes.  Vol.  I,  18;^5-1887.  Twenty- 
fourth  Congress  to  Forty-ninth  Congress.  Pp.  liii,  1044. 
Washington,  1901. — The  very  interesting  volumes  relating  to  the 
history  and  work  of  the  Smithsonian  Institution,  presented  to  the 
public  some  years  since  (1879,  1896)  are  now  followed  by  the 
republication  in  full  of  all  the  public  documents  which  relate  to 
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its  inception  and  history.     The  volume  now  issaed  covers  the 
period  from  1835  to  1887. 

4.  JBeitrdge  zur  Chemischen  Physiologie  und  Pathologie — 
Zeitschrift  f  tlr  die  gesamte  Biochemie ;  herausgegeben  von 
Franz  Hofmeister,  o.  Professor  der  physiologischen  Chemie  an 
der  Dniversit&t  Strassburg.  Braunschweig.  (Fr.  Vieweg  und 
Sohn.  Two  volumes  per  year  ;  price  15  marks  for  each  volume 
of  12  numbers.) — The  progress  of  recent  years  in  various  branches 
of  biology  and  medical  science  has  been  particularly  characterized 
by  the  growing  interest  in  the  chemical  problems  involved,  and 
the  increased  application  of  chemical  methods  for  their  solution. 
The  rapid  development  of  physiological  chemistry  is  indicated 
by  the  beginning  of  a  new  journal  devoted  to  original  investiga- 
tions of  bio-chemical  nature.  In  addition  to  the  presentation  of 
more  exhaustive  contributions,  it  is  proposed  to  afford  a  medium 
for  the  speedy  publication  of  briefer  communications  regarding 
new  discoveries,  etc  Under  the  editorship  of  one  of  the  most 
active  workers  in  this  field,  a  successful  future  for  the  new  pub- 
lication is  assured  ;  and  the  scientific  papers  printed  in  the  three 
numbers  already  published  give  evidence  that  the  ^Beitr&ge'* 
will  form  a  part  oi  the  permanent  literature  of  biology. 

Contributions  may  be  directed  to  the  editor,  Wimpfeling- 
strasse,  2,  Strassburg  i.  £.  u  b.  m. 

5.  Annals  of  Harvard  College  Observatory. — Recent  publi- 
cations include  the  following  : 

Vol.  XXVIII,  Pt.  II ;  Spectra  of  Bright  Southern  Stars  ; 
Photographed  with  a  1 3-inch  Boyden  Telescope,  as  a  part  of  the 
Henry  Draper  Memorial,  and  discussed  by  Annie  J.  Cannon, 
under  the  direction  of  Edward  C.  Pickkeing,  Director  of  the 
Observatory.     Pp.  131-268,  with  three  plates. 

Vol.  XLI,  No.  VII.  Comparison  of  Results  obtained  with  dif- 
ferent forms  of  Apparatus  in  Meridian  Observations  ;  by  Arthur 
Searle.     Pp.  189-211. 

6.  Hoyal  Society  of  London, — The  Copley  Medal  has  recently 
been  awarded  by  the  Royal  Society  to  Professor  J.  Willard 
Gibbs  of  Yale  University,  New  Haven,  for  his  contributions  to 
mathematical  physics. 

Obituaet. 

Rudolph  Koenig,  the  well-known  investigator  in  acoustics 
and  skillful  maker  of  acoustical  apparatus,  died  at  Paris  on 
October  2,  at  the  age  of  sixty-eight  years. 

Pbofbssor  A.  F.  W.  Schimpfeb,  the  eminent  botanist,  died 
on  September  9  in  his  forty-sixth  year. 


INDEX    TO    VOLUME    XII.* 


A  Bolton,  H.    C,    Chemical  Bibliog- 

Acadcmy    of    Sciences,    National,  raphy,  89. 

meeting  at  Philadelphia,  472. 

Adams,     £.     P.,     electro-magnetic  BOTANY. 

effects  of  moving  charged  spheres,  African    plants   collected    by    Dr. 

155.  Welwitsch  in  1868-61,  catalogue, 

Adams,   G.    I.,    Carboniferous    and  834. 

Permian  age  of  the  Red  Beds  of .      Cocos  nnoifera,  anatomy  of,  Win- 

•  Oklahoma,  888.  ton,  266. 

Air,  separation  of  least  volatile  gases  Milchsaft    und     Schleimsaft     der 

in,  Liveing  and  Dewar,  207.  Pflanzen,  Molisch,  87. 

Air-tight    glass    stopcocks,     Thiele  Brazil,  manganese  deposits  of  Minas 

and  Eckardt,  468.  Geraee,  Derby,  18. 

Alaska,  Harriman  Expedition,  472.  British  Mnsenm  catalogues,  89. 

Almy,  f,  E.,  discharge- current  from  Browning,    P.     E.,    estimation    of 

a  surface  of  large  curvature,  176.  cawrium  and  rubidium,  801. 

Alternating  current  discharge,  spec- 
trum, Wnght  and  Downs,  o6. 

American  Philosophical  Society,  400. 

Argentine  Republic,  Meteorological  C 

Atlas,  Delachauz,  88.  r^  ^      Tvnri.      x         /^'ji. 

Argon,  yisoority,  Schultze,  78.  ^'^\^\-  ^•\  ^''T*^S  °'"^*  *° 

AriankM,  Geol.'  Survey,  vol.  v.  78.  r-^/A  A^J^l    ^1^.';  ^nnn.l   R- 

Assocuition,  Amerioai,   meeting  at  ^'^^'■^'^  ^""'y-   ■^"'"*''  ^- 

Denver,  174, 823.  -  P*"^. '"'  „  ,•       .            ,           ,  . 

■a^u.y.  «,^M«~  .»  n.i..»».«  «ai  Canadian  Paleozoic  corals,  revision 

-  British,  meeting  at  Glasgow,  824.  ^^  ^^^  ^^^^^  ^am^^  „ 

Cathode  rays,  Seitz,  889. 

B  Chemical  Analysis,  Qualitative,  Per- 

Bailey.  E.  H.  S.,  Laboratory  Guide  rh.^u^ij  J'^L'!S1£^L*p«i,„i 

to  Qoalitetive  Analysis.  462  ^  SJuSiT^^^  ^*m»ut^  ^7]" 

B     -  j:_  r*u    i2«i--.a't  ii.u^i  OKic»  Ueitrage  zur,  aoimeister,  474. 

Barton.  G.H.,Eaementei7Lithology,  chlmistty.lfibUog^aphy  of,  Mton, 

Bams,   C,  OD  temporary  set,   247 ; 

effect  of  temperatnre  and  moisture  ^___y       otov 

on  the  emanation  of  phosphorus,  CHEMISTRY. 

327.  Acetylene,  heat  of  dissociation  and 

Beecher,  C.  E.,  Cambrian  fossils  of  combustion  of,  Mizter,  347. 

St.    Francois    Co.,   Missouri,    362;  Acid  nitrates,  Wells  and  Metzger, 

Eurypterid  remains  in  the  Cambrian  460. 

of  Missouri,  364.  —  solutions,  methods  of  standard- 
Bermuda,  additions  to  the  Avifauna,  izing,  Hopkins,  461. 

Verrill,  64  ;  nomenclature  of  birds  Alloys,  Thermochemistry  of,  Baker, 

of,  Verrill,  470.  460. 

—  death  of  fishes  at,  in  1901,  Verrill,  ;      Ammonium,  existence  of,  Ruff,  387. 
88.  —  emanate.  Walker  and  Wood.  75. 

Birds    of    Bermudas,     Verrill,    64 ;  Anihne  and  analogous  bases,  Saba- 

nomenclature,  Verrill,  470.  tier  and  Senderens,  387. 

*  This  Index  contains  the  general  heads,  Botaht,  Chbxistrt  (incl.  chem.  pbytlcs),  Gbolckit, 
MiMJERAX^,  Obituast,  Kockb,  and  under  each  the  titles  of  Articles  referring  thereto  ar* 
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Antimony  pentachloride,  doable 
compounds  of,  Rosenheim  and 
Stelhnan,  460. 

—  salt  of  qnadrivalent,  Wells  and 
Metzger,  389. 

CaBsinm  and  rabidinm,  etc.,  esti- 
mation of,  Browning,  301. 

—  and  thorium,  double  chlorides, 
Wells  and  Willis,  191. 

CflBsium-tellurium    fluoride,    Wells 

and  Willis,  190. 
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estimation,  Peters,  216. 
CaroUnium,  a  new  element,  462. 
Carols  acid,  composition  of,  Baeyer 

and  ViUiger,  73. 
Europium,  a  new  element,  Demar- 

gay,  321. 
Qooch-crucible,  modified,  Heraeus, 

388. 
Hydrogen,  see  Hydrogen. 
Lead,   radio-active,   Hofmann  and 

Strauss,  388. 
Molybdic      acid,      estimation     of,  | 

reduced  by  hydriodic  acid,  Gooch  | 

and  Pulman,  449.  i 

Persulphates,      determination     of, 

Peters  and  Moody,  367. 
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Barus,  827. 
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73. 
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of,  Thatcher,  320. 
Quartz,  vitrified,  Shenstone,  74. 
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75. 
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115. 
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tion, Gutbier,  389. 
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with,  Baskerville,  462. 
Gierke,  A.  M.,  Unsolved  Problems 
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Colorado  Valley,  geology  of  the  Little, 

Ward,  401. 
Connecticut,  river  system  of,  Hobbs, 

467. 
Copper  voltameter,  new  solution  for, 

Shepherd,  49. 
Cosmogony,   mathematical   notes  to 

rival  theories  of,  Fisher,  140. 
Cuba,  bituminous  deposits,  Peckham, 
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tion of  the  least  volatile  gases  of 
atmospheric  air,  207. 

Dielectric  constant  of  paraffins, 
Hormell,  438. 

Downs,  £.  S.,  spectrum  of  alternat- 
ing current  discharge,  66. 

Duff,  A.  W.,  secondary  undulations 
shown  by  tide-gauges,  128. 


Earthquake  investigation  committee, 
publications,  90. 

Electric  arc,  resistance  and  electro- 
motive force,  Duddell,  392. 

—  convection,  magnetic  effect  of, 
Adams,  155  ;  Pender,  178  ;  Wilson, 
322. 

—  discharge-current  from  surface  of 
large  curvature,  Almy,  175. 

—  flow  in  gases.  Stark,  77. 

—  resistance,  experiments  on  high. 
Rood,  91. 

Electro-Mag^netic    Phenomena, 

Treatise,  Lyons,  77. 
Electromotive   force  of  the  Clark- 

and  the  Weston-cell,   Jaeger   and 

Lindeck,  76. 
Ether     and     gravitational     matter 

through  infinite  space,  Kelvin,  890. 
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Fauna  of  Porto  Rico,  reports,  471. 

Field  Columbian  Museum,  publica- 
tions, 89. 

Fisher,  O.,  mathematical  notes  to 
rival  theories  of  Cosmogony,  140. 

Fluids,  motion  of  compressible,  Da- 
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Ford,  W.  E.,  calaverite,  225. 
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Mendenhall  and  Waidner,  249. 
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Arkansas,  vol.  v,  78. 

Canada,  79,  894. 

Indiana,  466. 

Iowa,  vol.  xi,  396. 

Maryland,  77. 

Minnesota,  vol.  vi,  395. 

New  Jersey,  466. 

United  States,  21st  Annual  Report, 

465. 
Geology,  lectures  on  Economic,  Bran- 

ner  and  Newsom,  467. 
—  lectures  on  Elementary,   Bran- 

ner,  467. 


GEOLOGY. 

Amygdaloidal    melaphyre    of    the 

Boston  Basin,  Burr,  79. 
Bituminous     deposits     of     Cuba, 

Peckham,  33. 
Cambrian     fossils     of      Missouri, 

Beecher,  362. 
Carboniferous  and  Permian  age  of 

the    Red    Beds    of      Oklahoma, 

Adams,  383. 

—  terranes,  time  values  of  provin- 
cial, Keyes,  305. 

Crinoid  from  the  Hamilton  of 
Charlestown,  Ind.,  new,  Wood, 
297. 

Dragons  of  the  Air,  Seeley,  896. 

Eocene  deposits  of  Maryland,  Clark 
and  Martin,  77. 

—  Mammalia  in  the  Marsh  collec  - 
tion,  studies,  Wortman,  143, 198, 
281,  377,  421. 

Etinde,   volcano  of  the  Cameroon 

Mts.,  Africa,  Esch,  81. 
Eurypterid  remains  in  the  Missouri 

Cambrian,  Beecher,  364. 
Glaciers,  see  Glaciers. 
Helgeland,  geology,  Vogft,  82. 
Ice  ramparts,  Buckley,  466. 
Igneous  rocks,   classification,   von 

Federov,  88. 
Laccoliths  of  Highwood  Mts.  Mon- 
tana, geology  of.  Weed  and  Pir- 

sson,  1.  • 

Limestones  of   Missouri,   age  and 

geological  relations,  Nason,  358. 
Little    Colorado    valley,    geology. 

Ward,  401. 
Loess  of    Iowa  City  and  vicinity, 

Shimek,  467. 
Manganese  deposits  of   Minas  Ge- 

raes,  Brazil,  Derby,  18. 
Paleozoic  corals,  Canadian.  Lanibe, 

79. 
River      system      of     Connecticut, 

Hobbs,  467. 


Vesuvius,    explosive    activity    of, 
during    April    aud    May,    1900, 
Matteuccij  81. 
Gibbs,  J.  Wiliard,  receives  Copley 

medal,  474. 
Glaciers,  ancient,  in  Tierra  del  Fuego 
and  Antarctic,  464. 

—  in  Switzerland  in  1900,  465.  - 
Goldschmidt,    V.,    Harmonie     und 

Complication,  325. 
Gooch,  F.  A.,  Research  Papers  from 

the    Kent    Chemical    Laboratory. 

Yale  Univ.,   321  ;    molybdic    acid 

reduced  by  hydriodic  acid,  449. 
Gooch-crucible,   modified,   Heraeus, 

388. 
Gray,  E.,  Nature's  Miracles,  825. 
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Harmonie  und  Complication,  Gold- 
schmidt, 325. 

Harvard  College  Observatory,  An- 
nals, 474. 

Helg^eland,  geology,  Vogt,  82. 

Helium,  viscosity  of,  SchuHze,  468. 

Hoffmann,  G.  C,  mineral  occur- 
rences in  Canada,  447. 
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